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I SUMMARY

Four computer programs, designed for use in power spectral density analysis of stationary

I randomdata, are described. The out the estimation of direct and cross
programscarry power

spectral density by the method of direct Fourier transformation u_ing the Fa_t Fourier Transform
algorithm and by the indirect method using the auto or cross correlation functions. A facility,

based on low digital filtering and data "decimation," for varying the analysis bandwidth
pass

over the frequency range is included; this facility leads to ah efficient method of calculating
one-third octave band, or other percentage frequency bandy id:h, result_and a routine for

I this is included.

The programsare writte, primarily in the FORTRAN languuge, with certain routines which have

J a majorinfluence execution time, which input/output facilities not available in
on or use

FORTRAN, written in COMPASS assembly language for the CDC 3300 computer. Full program
documentation is included, covering the needsof both program usageand program maintenance.

I
!

I
1
1
1
I
I
!
B I|

1970003212-003



i TABLE OF CONTEI',ITS

I Page

SUMMARY ii

!
TABt.E OF CONTENTS ili

I LIST OF TABLES vi

i LiST OF FIGURES vii
I .0 INTRODUCTION I

I 2.0 ANALYSIS METHODS AND PROGRAM SUB-DIVISIONS 3

j 2.1 General 32.2 Analysis Options and Extensions 3
2.3 ProgramSub-Divislons 4

I 3.0 INPUT DATA TAPE FORMAT 5

3.1 Heading and Identifying Records 53 o2 Data Records 6
3.3 Data SampJingRate 6

I 4.0 ROUTINES COMMON TO ALL PROGRAMS 7

j 4.1 Data Input, Demultiplexing and Statistics 7
4.1 .I List of Subroutines 7

J 4.1.2 COMMON Storage 84.1.3 Program Function 10

I 4.2 Low PassFiltering and Data Decimation 11

4.2.1 Filter Weights 11

4.2.2 List of Subroutines 124.2.3 COMMON Storage 13
4.2.4 Program Function 13

I 5.0 DIRECT POWERSPECTRALDENSITY USING FFT 15

I 5.1 Fast Fourier TransformRoutine FFT42M 15
5.2 RoutinesComprising the Program 16

f-

!
ore
III

1970003212-004



I

I TABLE OF CO NTENTS (Continued)

I Page

5.3 COMMON Storage ,_

I 5.4 Program Function 16
5.5 Card Input Format 21
5.6 Output Format 21

I 5.7 One-Thlrd Octave Band ,_esults 23

i 6.0 CROSS POWERSPECTRALDENSITY USING FFT 24
6.1 RoutinesComprising the Program 24

I 6.2 COMMON Storage 246.3 Program Function 25
6.4 Card Input Format 26

i 6.5 Output Format 26
7.0 DIRECT POWER SPECTRALDENSITY USING AUTOCORRELATION 28

I 7.1 Routines Comprising the Program 28
7.2 CQMMON Storage 28

I 7.3 :_ogram Function 297.4 Cord Input Format 31
7.5 Output Format 31

I 8.0 CROSS POWERSPECTRALDENSITY USING CROSS CORRELATION 32

I 8.1 Routines Comprising the Program 328.2 COMMON Storage 32
8.3 Program Function 33

8.4 Card Input Format 338.5 Output Format 33

9.0 INSTRUCTIONS FOR USE OF THE PROGRAMS 34

9.1 Software Requirements 34
F 9.2 Hardware Requirements 34
t 9.3 Logical Units 34

9.4 Choice of Analysis Parameters 36

" 10.0 ERRORMESSAGES 38

11.0 PROGRAM EXECUTION TIMES 42

_V

1970003212-005



!
TABLEOF CONTENTS (Continued)

I Page

i 12.0 CONCLUSIONS 44
REFERENCES 45

J AC KNOWLEDGEMENTS 46

j APPENDIXA - Listing of Data Demultiplexing Routines 72
APPENDIX B - Listing of Low PassFiltering Routines 88

J APPENDIXC - Listing of RoutineFFT42M 98

I APPENDIX D - Listing of RoutinesMNPSDAF, PSDCNTLF, PSDFFT,AKBK,i'HDOCT, andPLOTPSDF 110

I APPENDIX E - Listingof RoutinesMNCPSDF, CPSDCTLF_CPSD,:FT_HANN_PLTCPSDF 121

APPENDIX F - Listingof RoutinesMNPSDAA, PSDCNTLA,PSDAUTO,PLOTPSDAandCORLAT 131

i APPENDIX G - Listingof RoutinesMNCPSDA_ CPSI_TLA, CPSDAUTO,PLTCPSDAtandCORLATXY 144

1
!
!

j

q_

; )

V

lg70003212-006



LIST OF TABLES

Table Page

I Input Data Tape Identifying Records

II First 28 Words of Blank COMMON 9

III Filter Weights for a = 5 12

IV Blank COMMON Usage (Except first 28 Words) for ProgramMNpSDAF 17

V Labelled COMMON Storage (/'DATA/) 18

Vl Data Card Input Formatsfor MNPSDAF 22

VII Additions to Blank COMMON 25

VIII Data Card 2 Input Format for MNCPSDF 27

IX Blank COMMON Usage for Program MNPSDAA 29

X Logical Unit Usage 35

XI Bandwidth and Degrees of Freedom Formula_ 35

X|I Program Execution Times 43

XI|I Timing Analysis Details 43

1970003212-007



I
I

L/ST OF FIGURES

I Figure Page

I I Flow Chart of General Program Organization 47

2 Flow Chart of Data Demultiplexing Routines 48

I 3 Flow Chart of Low-Pass Filtering Routines 76

I 4 Flow Chart of Routine FFT42M 58

5 Flow Chart of Program WCP/68-20 61

I
6 Sample Statistical Print-Out from Programs WCP/68.-20 and

WCP/68-22 65

I
7 Printed Results from Routines PLOTPSDF and PLOTPSDA 66

I 8 Graphical Output from Program WCP/68-20 67

9 Sample Statistical Print-Out from Programs WCP/68-21 and

I WCP/68-23 68

I 10 Printed Results from Routines PLTCPSDFand PLTCPSDA 69
11 Graphl cal Output from Programs WCP/68--21 and WCP/68-22 70

l 12 Graphical Output from Program WCP/68-21 71

I
[
[

I:

c_

vii '_

1970003212-008



] .0 INTRODUCTION

The processing of stationary random data has assumedl;onsiderable importance with
the development of the conr.ept of power spectral denmity ana',/sis and its applicaHon
_n many branches of engineering. An automatic method of ,'arrylng out the analysis
is essential in view o,cthe large amount of data which is always involved, and various
methods h._ve been devised. A digital computer provides the means for the class o;"
analysis methods known as digital techniques and this report c_scrlbes the organiza-
tion and use of a series of digital computer prod;ramsfor carrying out power spectral
density anal/sis.

Use of digital techniques requires that the random variables being analyzed, which in
engineering applications are invariably continuous in time, be represented as series
of discrete values obtained at constant time intervals.'. Thl: requi,es the use of some
analog/digital convelsion equipment in which the da't_ samples are obtained from the

. transducer signals and held in someform of storage:medium; the computer programs
described here concern only the analysi._ oc _ ,_ -i;_tiz_d data which are assumed

J_ to be stored on digital magnetic tap_. in ,_speci.£c format.

i Details of the various analog a_:dd;gifal methods of power spectru_ ,:_ensity_nalysis
' are given in References 2 and 3; tb_ former also includes the eXte_r_i__ Of the theory

to deal with cross spectral u_¢:slt_yof a pair of data signals. The dt_i:c4 method most
I commonly _dvocated is tha_ ,_,h_,reinthe autocorrelation (or the a_,__ ,",,ariance)
= function at discrete points ;n r_ - is calculated and then _onverted r_:_ower spectral

density by means of a discreh_ ..,._,ne transform. The effect of finite ..:".gth of the

t by appl_cat,on a spectral - a p_'-o_;s as
time data reduced the of wi;,'_ow known

"smoothing" the "raw" estimate_._ For the cross spectral densi_.y,' .. _h_cross-
correlation function and the fuji t',_ur_ertrans,%rm is u_ed. The b... reason for the

]_ of this method has been i¢_ in :- itspopularity economy computer flexibility
,_nthe choice of analysis parameters. M_n_;_izing cof,,F:ste. _ _ _ a very important
consideration in the choice of an alge_ithn_ ,%rcompvter i_.,. _'.;_ntatlon because of

the large amount of data involved in providing a reasonak:_ degree of statistical
accuracy. Another methodof calculating power spzcfral 4_;|y is by summingthe

_r_ squaredFourier coefficients of a set of sub-series formed {ro,n the data (for detai_s see
Reference 1); the e_orbitant amount of time required to c, i_ulate Fourier transforms
made this method uneconomical until the discovery of an algorithm which can speed

._ up the calculation by a factor of several hundreds(see Reference4). The result is
that the direct Fourier transformmethod now offers considerable savings in computer
time over any other digital method. However, the constraint that the numberof data

; elements in each sub-series is a power of two (or at least has many small factors) means
_ that analysis paramuterscannot be so freely chosen.

' Because of the respective advantages of the two methods mentioned above, the pro-
gramsdescribed here include both methods; it is envisaged that the direct _:ourier
transformmethoa will be used for the majori.=yof analyses, but the correlation method
will occas|onally be of usewhen bandwidth requirementsare rigid or the correlation
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functions are Glso required. Auto or cross correlations could, however, be produced

I by the inverse transform of the direct or cross spectral densities which hove been
obtained by the _,Jrect method. The efficien,.y of thls method of caicul ring cor, elu-
tlon functions has,not been investiga'ed.

I A further useful facility incorporated in the programs is the ability to d!vide the fie-
quency range into a series of bands an octave wide, nd to have a different analysis

I bandwldth in each frequency band. The bandwidth in each band is a'way_ twice that
in the adjacent lower band; this permits a higher resolution of the spectral density at
low and intermediate Frequencies without the penalty incurred clue to unnece._ary

I hlgh _rrequencies a constant analysis high
resolution at in bandwidth OJ" resoiutlor_

throughout the frequency range. This facility leads, by an averaglng process, to c.
thlrd octave band anal>sls and can be extended easily t_ any percentaqe frequency

I variable bandwidth analysis.

All the computer programs described in this rer,'_rtar_ wtltten in the FORTRAN

I language, for a CDC 3300 computer, with the exception of s_me specic,l subroutines
in each program which are written in assembly language for the purpose of either
a) increasing the speed of execution where it is impc.rtant, or b) use of spec:al [/O

j facilities not available in FORTRAN.

|
I
!

I
I
!
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2.0 ANALYSIS METHODS AND PROGRAM SUB-DIVISiONS

2.1 General

The computer programsdescribed in this report calculate direct and cross powel
spectral densities using two differe t, but related, methods of computation. In all,
four comolete programs are dr_c_ibed which cover the following:

(i) Program Numbel WCP/68-20. Power spectral density analysis using
a direct Fourier transform teclmique.

(ii) Program Number WCP/68--21. Direct and. cross power spectral
density analysis using a direct Fourier transfor_n technique.

(iii) Program Number WCP/'68-22. Power spectral density a_alysis
using the a_Jtocorrelation/Fourier transform method.

(iv) Program Number WCP/68-23. Cross power spech_! density
analysis using the cross correlation/Fourier transform method.

The mathematical details of methods (i) and (ii) are given in Reference 1 and those
of (iii) and (v) are given in Reference 2. Equation numbers from References ! and 2
will be quoted at subsequent points in this report in preference to reproducing the
equations. The relative advantages between the direct Fourier transform and corre-
lation methods have been given in Section 1. Program (ii) produces cross spectral
density for a pair of time series and alsu ihe direct power spectral density for each of
the two series; program (i) more efficiently calculates the power spectral density for
a single time series.

Each progiam has the capability of dividing the frequency axis into a series of bands,
on an octave basis, and producing _esultsat different analysi_ bandwidths in each
band, the bandw._dlhin a higher frequency band being "-vice the bandwidth in the
adjacent lower band. Usingthis facility it is possible to obtc_n high resolution at
low frequencies without the unnecessary effort incurred in a constcnt, narrow band-
width analysis throughout the total frequency range of interest. The frequency scale
may, of course, be specified as one bend, in which case the analysis is carried out
as constant bandwidth.

2.2 Analysis Options and Extensions

The form of the results from each program is described at the appropriate p_ace in the
following pagesof this report. It is possible, .however, easily to extend the programs
by the addition of further subroutines to carry out other analyses which nre _casionally
of interest.

3 _.
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All the programs have the option of calculating the probability distribution functions

I of the time series being analyzed; a routine is required to output this in graphicalform. Program (i) has the option of calcu!ating third octave power spectral density
functions already included_ with provision for its graphical output. The following

I is a li-t _f some possible extensions that could easily be n_del
(c) Auto correlation and cross correlatiGn FuncHonsoutpL,_from

programs(iil) and (i_,), respectively.

(b) ,Jointprobability density functions from programs(ii) and (iv).

I (c) Spatial correlation as a function of frequency from program (ii).

I (d) Transfer function from program (ii)

(e) Coherence function from program (ii).

I (f) Time _,arying spectra (i .e., non-statlonary) from program(i).

i 2.3 Program Sub- Divisi._ns

All the computer programsdivide naturally into four parts, t_.e functions of each part

I being:

1. Separation _,_data into conticluouselements of the sameseries

i from an i._putdata tape which contains many series (or channels
of data) in a "multiplexed" packed-word form, and calculation
of somesiatistical parameters from the series.

I 2. Low passdigital filtering of a set of data with u filter which hasa
cut-off frequency equal to one-half of the maximumrecognizable

I frequency in the data (i .e., as determined by the sampling rate).

3. Calculation of the appropriate spectral density .'-unctionand ._epara-

I tion of the required frea_uencyband from the results.

i 4. Output of results.
Parts 1 and 2 are common to all the programs, while parts 3 and 4 are unique to each
program. An overall flow diagram giving the relationship of each part is given in

.!, Figure 1.

I
t
!

4
{
f
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3.0 INPUT DATA TAPE FORMAT

The program sub-section which "demultiplexes" and unpack_ the input C_ta has been
written assuminga fixed format for the input magnetic tapes. Th;: format is basedon
the output format of a currently usedanalog-digital conversion and data acquisition
program° It shouldbe noted that any changes to the input dala tape format will
require changes to the section of the programdescribed in 4.1 below in order to
interpret the tapes successfully.

In general, there are two input data tapes corresponding to the A and B multiplexers,
respectively, of the analog-digital data conversion equip"_ent; tapes are recorded at
a density of 800 bpi.

3.1 Heading and Identifying Records

Beth tapes have the following heading records, as given in Table I.

TABLE I

INPUT DATA TAPE IDENTIFYING RECORDS

Record Recording Number of Record Contents
N_; ,ber Mode 24-Bit Words

m

1 BCD 11 Words 1 to 8: REAL-TIME DATA
REDUCTION PROGRAM

Words 9 and 10: Date
Word 11: Test Number

2 BIN 5 Word 1: Number of data samplesper channel d
Word 2: Number of A multiplexer che,_nels
Word 3: Number of B multiplexer channels
Word 4: Number of words in each data record w

Word 5. Number of sub-multiplexed groupsg

:3 BCD 2 Word I: MUX A (or MUX B)
Word 2: (4 blanks)

Endof
File

I Mark
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3.2 Data Records
?

Data records are all recorded in binary mode and are produced as sets _n the following
format. The first record of a set contains two words giving the first and lest multiplexer
channel numbers, signified by CI and C 2 , respectively, (integer, numbering the
channels 1 to 128) for the current sub-multiplexed group, for the multiplexer identi-
fied in the third head,ng record.

De" data samples appear in the record in multiplexer channel order (from lowest
. numbered to highest) end the group ;s repeated throughout the record 2w/(C2-C! +1)

times. The total numDe, of data records in a set is given by d (C1-C2 + 1)/2w. Each
set is terminated by an end of file mark.

Data sets ,nay appear on the tape as two types:

. (a) Type 1. Non-stacked: data for a seriesof different sub-multiplexed
groupsapFears on the tape. This is the general output form for on-line
data acquisition from live tests.

(b) Type 2. Stacked: data setsappear for the same sub-multiplexed group
in a serles. This is the case when data is acquired for several tests from
the playback of 14 channel analog tape.

It shouldbe noted that de_a types are never mixed on the same tape.

3.3 Data Sampling Rate

An overall sampling rate of 41,700 samples per second is assumed, based on the
current m:ximum sampling rate of the analog-digital conversion equipment. The
sampling rate h per channel is thus given by

41,700
h=

C2-Cw+I

If the data is acquired at a different rate, the programchange indicated in Section
4.1.3 mustbe made.

f
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.0 ROUTINES COMMON TO ALL PROGRAMS

I As pointed out in Section 2.3, there are two program sub-sections which are common
to all programs. Theseare described below:

I 4.1 Data Input, Demultiplexing and Statistics

i 4.1 ] List of Subroutines
Q

I

the subroutines which comprise this subsection are1 with their associated formal

I follows. The usual FORTRAN conventions apply to
parometers, as parameter names;
all routines are written in FORTRAN except MISCELL which is written in COMPASS

i as_ ,k:y language.
(i) DEMUX (N1024R, ISTAT, INCRST)

l N1024R is the number of 1024 word records of dc,ta samplesto be
demultiplexed from the input tape and sto-ed on a scratch logical
unit. Each entry to DEMUX deals with one or two channels

I depending on whether direct or cross power spectral density is
being calculated. If there is insuffic;ent input data then this
parameter contains on exit the numberof 1024 word recor¢_'that

is available.

i ISTAT is a parameter indicating whether or not statistics are r_q_iredfor the demultiplexed data. ISTAT -- 0 signifies no statistics are
required, ISTAT = 1 signifies that statistical parameters mean1 variance,

i skewnessand kurtosisare required to be calculated. ISTAT > 1 requiresthe above parameters plus the amplitude probability distribution to be
calculated.

I INCRST is the cell interval, in millivolts, for the amplitude probability
distribution. If ISTAT_< 1 it is not used.

I (il) SCANTAPE (ICHAN1, ICHAN2, M)

I ICHAN1 and ICHAN2 are channel numbersof data to be demultiplexedfrom logical unit M. If the channels are on different input tapes or only
one channel is required, ICHAN2 contains four BCD blanks.

I (iii) FILLOUT

I (iv) STATIST (IST, INC)

IST is the samestatistics parameter as ISTAT in routine DEMUXt and INC
1" is the same as INCRST.
J

t" 7
I"
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I
(v) PPE(IACT)

IACT is an output parameter which returns the value of 1 or 2. If the
value is ] there is enough da_a remaining in a set after discovery of an

J irrecoverable tape parity error to restart the Jemultiplexing and providethe required N1024R records. If the value is 2 there is not enough data
re..._r_iningto restart.

I (vi) CHECKPAR (LUN, ISI, IS2)

I LUN is a logical unit number on which the parity of the last output
operation is to be checked out and the record re-wrltten if an error
exists. IS1 and IS2 are the second and third dimensionsof a three-

dimensional from which the data is output.
array

I (vii) ERRECOV (LABEL, LUN, NPE, J)
LABEL is an indicator to select an appropriate error messagewhen an

I irrecoverable parity error h_ been found on logical unit LUN_
NPE is a counter to control the numberof backspacesand re-reads before

accepting the parity error.
J returns the value 1 or 2 depending en whether or not the parity error
has been accepted (after 5 attempts to read the record). If J = 1 a

I messagedefined by LABEL has been output to the standardoutput unit
(L .U. 61).

I (viii) HISTOGRM (Ill, JJJ)

III is 1 or 2 indicating whether the data is for the first or second of a

I channel pair. JJJ is the cell interval value in miliivol_s for the ampli-
t,Jde probability histogram.

I (i^) GAUL.2

i (x) MISCELL
4.1.2 COMMON Storage

J In addition to subroutine parameters, data is tra"smitted between routines through
corr.monstorage locations. A further use of commonstorage is the sharing of scratch

I s;orage between _ubroutines. The first 28 locations of blank COMMON are used toretain information in the demultiplexing routines and the remain _erof blank COMMON
is usedas ._ .itch storage. Throughout, labeled COMMON is used to transmit data.

r The first 28 locations of blank COMMON are defined in Table II.
2,.

[. 8
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TABLE II

I FIRST 28 WORDS OF BLANK COMMON

I ' Pc,rameter Name Definition
,,,,, ,,,

j ITEST 4 character _est ;dentif:er

i ICHAN2 4 character channel identifier for 1st of a pair or a single channelml

ICHAN2 4 character channel identifier for 2nd of a pair. Blank if only one

i channel being used.

IHALF Parameter used in amplltude probability histograms

I MD(2) Indicators for whether or not input tapes on logical un!ts 1 and 2 have
had their leader records read and checked.

| ID(13) Contents of the first and third title records from the last input tape read

INF(7) Contents of the second title record and the first pair of multiplexerchannel indicators from the input tapes.

I ISTACK Indicator whether data is stacked or non-stacked on the input tape.

IFILE Indicator for required file when data is stacked.

I
!
!
!
!
T

! 9
L
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Labeled COMMON is used only by routine STATIST; this common block is defined

I for each below.program

4.1.3 Program Function

I
A flow dia'g_amfor the data input and demultiplexing routines is shown in Figure "_
The funct;on o_ this program subsection may be dgscrlbed briefly as follows:

I (i) Enter DEMUX to separate data for 1 or 2 channels. Determine
whether there are one or two channels and if two whether they are

I on same multiplexer.
the

(il) Call SCANTAPE to find the start of the data for each channel.

Note that if the two channels are on the same tape they will always
be within the same submultiplexed group. On the first reference to
an input tape read the title records and check that the test number

I and multiplexer identifier are correct. The BACKSKIP entry of
routine MISCELL is used to skip backwards along a tape to an end
of file mark and then to read forwards over the file mark. If load

I point is inadvertently found, a messageis printed (see Section 10,
messagenumber 14) and the job is terminated.

I (ill) Form the output identifying record (6 words) which includes channel
sampling rate calculated from

I as r

Csr : CI.C2+ 1

J where Csr is channel sampling rate, Osr is the overall sampling rate,

I CI and C 2 are the upper and lower channel numbersin the submuitiplexedgroup. As mentioned in Section 3.3, Osr is set at 41,700. If this is to
changed, the new value must replace 41,700 in the first statement after

I that numbered 1130 in routine DEMUX (see Appendix A). The identifyingrecord is output to logical units 3 and 4.

I (iv) Read in the multiplexed data using a double-bufferlng arrangment thatallows parallel reading and processingof data. Convert channel number
numeric from BCD to binary integer, using CONVERT entry of MISCELL,

to ccslcula_¢position of data samples in the input records.

(v) Call FILLOUT and thence GAUL 2 to separate the packed 12 bit samples

I into 24 bit integers with correct signs. Recordsof length 1024 wordsareformed from the demultip!exed data and are output to logical units 3 and
4 (for the first and secondchannels, re3pectively). Repeat (iv) and (v)

1_ until the required NI024R recordshave been output for each channel.
q

i |0
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I
(v_) All tape read and write operations are carefully checked for par:ty

i errors. If an irrecoverable parify error is discovered on an input tape,the total amount of dcta in the set is checked in routine PPEto deter-

mine whether demultiplexlng may be restarted for that channel and sK!l

i provide the required number of records, if not, the input record con-taining the parity error is ignored. Parity errors on wriTe operations are
treated by calling the SKIPSIX entry of routine MISCELL to erase six

I inches of tape and the record is rewritten; this continues until the recordis successfully written. Permanent parity errors on input tapes are
indicated by an appropriate messageoutput by routine ERRECOV to the

standard output unit.

(vii) If ISTAT is not zero call routine STATIST. The demultiplexed data is

I read back from logical unit 3 and, in the case of two channels, logicalunit 4, and statistical parameters are calculated together with the ar.',pli-
tude probability dlstribvtlons if required. Statistical parameters are

I output to the standard output unit together wffh, for each channel, testand channel numbers and three lines of comment and identifying infor-
mation wh,ch are input from the standard input unit as card images. A

I sample of this output is shown in Figure 6. Routine HISTOGRM iscalled fromSTATIST for output, where required, of amplitude probability
plots to a CALCOMP plotter.

I (viii) Return to calling program.

I A detailed list of error messagesand stops for all programsis collected together inSection 10. Control cards for the various logical units are given in Section 9, and
listings for the routines comprising this program subsection are given in Appendix A.

I 4.2 Low PassFiltering and Data Decimation

I 4.2.1 Filter Weights

The purposeand use of law passfiltering and data "decimation" has been pointed out

I in Section 1 and the mathematical details are given in Reference 1 The implementa-
o

tlon in this program is that of a fixed frequency cutoff at h/4 hertz_ where h is the
data sampling rate on input to the filtering process. After the decimation process,

I the sampling rate becomeseffectively h/2. With the stated cutof_ frequency, Equation
(6.8) of Reference ! gives for a = 5, filter weights as shownin Table 1|I.

!
IL

!

I _ 11
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TABLEIII

FILTERWEIGHTSFORa = 5

k Filter Weight

0 2

+1 1 + cos _/10

+_2 0

+3 1
_ - _. (1 + cos 3_t/lO)

+4 0

+_5 1/5

+6 0

+7 _ 1 (I+ cos 71t/10)- 7

+8 0

+9 ---1 (I +cos9_/!0)- 9

_+10 0

4.2.2 List of Subroutines

Thesubroutineswith their associatedformal parameters,which comprisethe program
subsectionare asfollows:

(i) LPFILT(LUN)

LUN is the logical unit number which holdsthe data to be filtered
anddecimated. Thisroutine alsohasan entry pointnamedCUTOFF.

(if) LOOP (I,K, J)

I and K are the lowerandupperlimitsof the dimensionsin the output
array of the filtered pointswhich are to be calculated for this call of
LOOP.

1970003212-020



I
d is 0 or 1, indicating whether to use the first or second column of a

I array (]024, 2) used buffering input
two-dimensional for double of the

data to the filter process.

i (iii) ERROUT(LUN, IOBUF)

LUN is the logical unit on which a _ority error hasbeen detected during

j a write operaticn.

]OBUF is the first storage address from which the record, always 1024

J words long, is being written.

I (iv) PRODSUM
This is an entry point to assembly language routine MISCELL to carry out
multiplication and summaHon of data and filter weights using fixed point

I arithmetic.

j Routine ERRECOVis cal led from ERROUTto output a messagewhen an irrecoverableparity error has been detected during an output operation,, followed by a call to
SKIPSIX to erase 6 inche_ cf tape.

I 4.2.3 COMMON Storage

J Blank COMMON storage is used to transfer data between routines LPFILT, LOOP,and PRODSUM. The filter weights given in Table III are calculated by an initializing
call to LPFILT and stored ,n labeled COMMON array IWT; filter weights are used

I when calculating filtered points in routine PRODSUM.

4.2.4 Program Function

I A flow diagram for _he low passfiltering and decimation program is shown in Figure 3.
The following descr;ption briefly explains the operations carried out by this program

I subsection:

(i) Enter LPFILT initialiy to calculate filter weights. For this entry

I. point parameter LUN is not u_d. Thenon-zero f!lter weij[htsgiven in Table !|| are calculated and then mult,plled by 2'= and
stored in fixed point form, ; .e., as sealed 24 bit integers, in

labeled COMMON array IWT.

(iS) Entry point CUTOFF. Dot(=to be filtered Is on logtcol unit LUN,
_" and scratch unit 51 will bo used to store the filtered data as they

are obtained. At the enc_of the processthe filtered results will be
overwritten on the original data on LUN. $tr_'e recordt are always
formed and wdtten t_ lengtht of 1024 wrxdt (24 bit lntegwrl) ant(
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two input records thus yields one output record, due to the decir-'_tion

process, the number of data records to be filtered should always be even.FoL repeated application of the process the initial number of records should
have as many factors of two as the process is to be applied.

i (iii_ Skip over 6-word identifying record on LUN and initiate double bu .ering
procedure for input of data. Call LOOP to form filtered points 1 to 507
of a record (overlap to the left of starting point is initially zero).

(iv) Routine LOOP assembles, for each filtered poin% the data to form that
point into a _eparate array and then calls PRODSUM to calculate the
summed products using the scaled f!lter weights. Filtered data are slored
in array ISAVE. Return to LPFII.T.

(v) Store ,'pper 10 points of previous input record into Iowar _lart of array
containing next record (i .e., filter overlep ac" -_.records) and cell lOOP

to form the points 508 to 512 which use the overlap.

(vi) Repeat (iii), (iv), and (v) for the points 513 to 1019 and 1020 to !024.

Write ISAVE (1024) to Ioglc_l unit 51.

(vii) When an end of file is found on the input unlt rewind LUN and 51 and

i contents of 51 into LUN. Return to callingcopy program.

(viii) Throughout, all tape read/write operations are c,_,=,u,iy checke for

I If write encountered routine ERROUTisparity errors. pa'ity errors are

used to call ERRECOVand SKIPSIX. If read parity errors are encounterd
on LUN then a message is output to the standard output unlt and the job

I terminates on a STOP instruction.

i Program listings are given in Appendix B.

!
!
I
!
I
| 14
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5.0 DIRECT POWERSPECTRALDENSITY USING FFT

J The Fast Fourier Transform algorithm and its application to the calculation of power
spectrai density is r_escribed in Reference 1. The particular implementation used in

J this program is that of the 4 - 2 algorithm where the data is treated as a series ofarrays of size 4 by 4, with a residual set of size 2 by 2 if the total number of data
is an odd power of 2.

!
• 5. J Fast Fourier Transform Routine FFT42M

J This routine calculates the discrete Fourier transform and inverse transform of a setof complex Jata. The size of the set must be an integral power of 2.

J The routine is written in assembly language, with all arithmetic in floating point; atable of cosines is held in an array within the routinet which must be calculated and
stored by an initializing call before the routine is used for the calculation of a trans-

I form. _e transformed results are written over the input data to the routine. Defini-
tions of the available entry points and formal parameters are as follows:

J (i) COSTABLE (LG2NMX)

LG2NMX is the logarithm base 2 of the largest numbc of data to be

transformed; this call must be the first of to the routine, but is onlyany
• requi red once.

I. (ii) (LG2NMX, LG2N, INCT, REALDATA, QDATA,
FFT42M INOUT)

I LG2NMX is defined in (i) abo,,e.
LG2N is the logarithm Ease 2 of the number of data to be transformed.

I LG2N _ LG2NMX is a requirement.
INCT specifies the increment in storage location between consecutive
values of real parts and imaginary parts of the data, e .g,, if real arid

I imaginary parts of each element are stared in consecutive locations then
INCT = 2; if real and imaginary parts are in separate arrays then INCT = 1.

I REALDATA is the address of the real part of the first element of data to be
transformed.

QDAIA is the address of the imaginary part of the first element of data to
be transformed. On exit from the routine REALDATA and QDATA contain

he real and imaginary parts, respectively, of the transform.
INOUT is an indicator which determines whether the transformor inverse

transformis required. If INOUT = 0t the transform is calculated and if
INOUT _ 0 the inverse transform is caJculated.

, 15
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(iii) FFT

This entry point is usedwhen the parameters are exactly the same as in
the last call to FFT42M.

A flow diagram is shown in Figure 4 and a program listing in Appendix C.

f
5.2 Routines Comprising the Program

In addition to the Cubroutines described in Section 4 above and FFT42M, the following
routines comprise the program to calculate power spectral density using FFT. All these
routines are written in FORTRAN.

(i) MNPSDAF

This is the main program which calls the various sections.

(il) PSDCNTLF

(iii) PSDt'FT

(iv) AKBK

(v) THDOCT

(vi) PLOTPSDF

5.3 COMMON Storage

The first 28 words of blank COMMON are given in .able II and these definitions are
retained throughout. The remainder of blank COMMON, which is used as scratch
storage in the clata demultiplexing section, is used to transfer data between the routines
specified in 5.2 above. The use of this COMMON storage is detailed in Table IV.

Labeled COMMON storage, with label�DATA�, consists of one block allocated as
shown in Table V.

5.4 ProgramFunction

The functions of the various subroutines listed in 5.2 above are as follows. A flow

. diagram is given in Figure 5, and listings in Appendix D. _
3

(i) Commencein main program MNPSDAF. Zero array MD to indicate input
tapes at load point, call LPFILT with dummy pa_meter to generate filter _
weights. J

16 ,_
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TABLE IV

BLANK COMMON USAGE

(EXCEPT FIRST28 WORDS) FOR PROGRAM MNPSDAF

Parameter Name Definition

n

NCOUNT Next available position in psdarray PSDand frequency array FRQ_
counting from the last word to the first, for the storage of results.

KOCT Frequency bands (octave) counter starting from the hlghes_ frequency
band during selective bandwidth analysis. KOCT varies Fromzero to
number of bands - 1.

., mr -,

FU Upper frequency of a frequency band.

FL Lower fl equency of a frequency band.

DF i
TEMP 1 t lemporary storage.
TEMP 2

IDATA(1024) First data input buffer when reading demultiplexed/filtered data into
core storage.

J

J DATA(1024) Second input buffer, as IDATA above.

N(6) Array for storing 6 word identifying record. Locations 4 and 5 of this
array contain the channel sampling rate in floating point form.

H, _.-

REAL(1024) The input data is converted to floating point and stored in this array art QDATA
for useby routine FFT42M. This data is treated as the real port of the
data being transformed.

QUAD(1024) This array is used by routine FFT42M and is assumed to contain the
imaginary part of the data being transformed.

AK(513) For each frequency band the psd results are stored here in routine AKBK,
before being selectively separated for retention in array PSD.

i . i

BK(513) Frequencies_ corresponding to psdvalues held in AK_ are generated in
this routine.

ml .,i

I,K,L Counters for various DO loops.
i ._ n i

. KREC Re:ord number counter for each frequency band. Data input is controlled
: by this parameter.

17
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TABLE V

I LABELLED COMMON STORAGE (/'DATA/')

I Parameter Name Definition

I IWT(6) Filter weights defined in 4.2.1 above. This array contains the six non-zero weights listed in Table III.

M Log base 2 of the number of points to be used in each Fourier transform.

! ,NOCT Number of frequency bands into which the total frequency range is
divided. Except for the lowest and highest bands, these are octave

I bands. _,
NREC Number of 1024 word records of data which are to be used for the psd

calculation in each frequency band.

I S Scale factor relating the input signal from the analog/digital equipment
in milllvolts to physical units.

J NPTS 2**M .... .

- MPTs NPTS/2 + 1

I "MBAR 512/NPTS. The numberof group pairs into which each input record is
divided.

I PSD(513) Array containing assembledpsdvalues for all frequency bands.
FRQ(513) Frequencies corresponding to the psdvalues in PSD.

F1 Lower limit of frequency scale on psd'plot.!
F2 Upper limit of frequency scale on psdplot.

-- n -.

NDECS Number of decades on vertical scale of psdplot.I
IPRINT Print indicator; if non-zero the results are printed after being plotted.

I ISCALE Indicator for the suppressionof plot scales; if non-zero, scales on theoutput plot are not drawn.
.... m

I
!
1
[
li ,8
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(ii) Read data for control of calculation and the output format of a series

I at data channels.

(iii) Call SETUPentry to PLOTPSDF routin_ to initir_lize and set origin on

I plotter. Check values of M, F1, F2, and NDECS for validity, i.e.,M < 10, Fl < F2, NDECS < 10.
m

I (iv) Call COSTABLE(M) to generate the cosine table for routine FFT42M.
am Then call FFT42M in order to set the correct parameters for subsequent

use •

(v) Calculate the number of data required to be demuJtipJexed as N1024R
records of 1024 integers.

I (, i) Read channel numbers ICHAN1 and ICHAN2, corresponding sensitivities
S and SS, and/SCALE. Note that for this program only ICHAN1 and S

I used to define the channel. Check for end of channel set.
are

(vli) Call routine DF.MUX to demuitiplex data and compute statistics. On

m return check that amount of data is availabie; calculate andrequired
print n...mberof degrees of freedom, adjusted to conform to available

i data if necessary.
(viii) Call routine PSDCNTLF to compute the psd. Calculate NPTS, MPTS,

and MBAR. Initialize KOCT = 0 and then call PSDFFTfor the first

i (upper) frequency band.

(ix) In routine PSDFFTrewind unit 3 and input 6 word identifying record to

I array N. Ifthe lost frequency band is not being analyzed skip over the
first data record (this record is unrellabe_fter filtering because of the

m initial zeroes assumedin the overlap process).
(x) Zero out record counter KREC, parity error counters K and L, and arrays

I AK and BK in which to form the squared and summedFourier coefficients.
(xi) Reada data record into IDATA and wait for completion befor_ testing

j parity.
(xii) Check NPTS. if this value is 1024 then recordsare analyzed in pairs;

if not, one record is analyzed at a time. Increment record counter by 1.
(xili) NPTS < 1024. Read next record and analyze previous. ,Therecord is

I divided into MBAR pairsof sections each of length NPTS, e.g., ifNPTSis 512 then MBAR is 1. Consecutive values of the data in each Section

are converted to floating point and stored in arrays REALand QUAD for
_ the first and second sections of a pair, respectively.

19
I
t

1970003212-027



!
(xiv) Coil FFT to calculate the Fourier coefficients, and then routine AKBK

I to convert to psd.
the coefficients

(xv) Routine AKBK. The real and imaginary components of the Fourier

I coefficients are separated from the combined transformed data, held in
arrays REALand QUAD, according to Equations (2.14) thru (2.17) of
Reference t. The two sets of coefficients are passed through a Harming

I filter defined by Equation (2.18) of Reference 1 and the squared, hanned
coefficients are summed in array AK. The zero frequency result is set to

i zero before "l'lanning" the data. It is seen that each st,bsection of arecord is transformed, converted to psd and results for corresponding fie-
quencies summed in array AK.

I (xvi) On return to PSDFFT, KREC is checked for equality with NREC. If so,
return to PSDCNTLF, ot',,erwise read a new data record, increment

I record counter and analyze the data record in (xlli) above in the samemanne, as _};ccified in (xiv) and (xv). Repeat from (xiii) until KREC =
NREC or an end of file on unit 3 is Found.

I (xvii) NPTS = 1024. In this case pairs of records are read into/DATA and
JDATA, converted to floating point in EEALand QUAD and treated as

I in (xiv) and (xv) above. This is repeated until KREC= NREC or an endof file on unit 3 is found. It is seen that NREC should be an even value
when M = |0.

I (xviii) On return to routine PSDCNTLF compute the upper frequency of the
second octave; comFute the conversion factor for the psdvalues as a

I function of the channel sensitivity, number of transform points, band-width and numberof subsections. Increment KOCT by 1, divide each
psdby the conversion factor and generate corresponding frequencies in

J array BK.

(xix) Compute lower frequency FL of current band (however, if this is the last

J band, then set FL = 0) and select the psdand frequency for this band,defined by FU and FL, from AK and BK and store in labeled COMMON
arrays PSD and FRQ starting at the upper, high frequency end of the

I arrays. NCOUNT is usedas the counter for position in PSD and FRQ,set initially to 513.

T (xx) Set upper frequency of next band to lower fre=luencyof previousband.
Check that NCOUNT i: not lessthan 1, if it is print a messageand exit,
otherwise check KOCT for equality with NOCT. If no, call routine

7"

i CUTOFF to filter and decimate data and then call PSDFFT, i.e., repeat
fiom (ix). When KOCT = NOCT return to MNPSDAF.

"k
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(xxi) On return to MNPSDAF calculate bandwidth of the upper band frem

I SRATEand NPTS and print number of frequency bands and uppe: band-width. In each Iov:_.r band the bandwidth is halved because of the

decimation process. If third octave output is desired (indicated by

I ITHD) call THDOCT, otherwise call ONECYC entry to PLOTPSDF to
output the results.

(xxii) Routine PLOTPSDF. The largest value in PSD is determined and
array

the vertical scale on the plot is chosen such that NDECS decades are
selected with the largest PSD value in the upper decade. The plat axes

I are both logarithmic base 10 with the frequency axis occupying the
range F1 to F2 Hz. If ISCALE was read a_ zero from curd input then a
pair of axes with tick marks at appropriate points is drawn, otherwise

I masksonly Test number and channel number
comer are produced. are

drawn on the plot. A sample plot is show_lin Figure 8.

I (xxiil) zero , frequency psd are output to output
If /PRINT is and the standard

unit in tabular form together with test and channel number. A sample is

shown in Figure 7.
(xxiv) On return to MNPSDAF the procedure is repeated from (vi). For third

I octave output see Section 5.7.
(xxv) In routine PSDFFTall data input from unit 3, except the heading record

i and the first skipped record, are checked for parity and the program haltswith an operator messageif an _rrecoverable parity error is encountered.

i 5.5 Card Input Format
Data cards for this program are required as set out in Table VI.

I If more than one channel is to be processedfor the same test cards 2, 3, 4 and 5 are
repeated for each channel. A set of data cards is terminated by a card with characters

i END in columns 1-3. A new card number 1 may be read in by inserting a card withNEWT in columns 1-4 following the last card (number 5) of a channel set.

I 5.6 Output Format
Three types of output are available.

m

! (i) Printed statistics parametersand identifying comments. This is
optionally chosen by parameter ISTAT. An example is shown in

Figure 6.

(ii) Tabulated values of frequencies and power spectral densities.

" Theseare optionally available according to parameter IPRINT.An example is shown in Figure 7.

i 21
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TABkE "7!

I D_ _ CARD INPUT FORMATS FOR MNPSDAF

i Card IVariable Card :ORTRAN
Number Name Column_ Format D_scrlpfion

i
| 1 ITEST !-4 A4 Test num_J - 4 characters

1 ISTACK 5-6 I2 Stacked test indicator: blank or zero for non-

I stacked.

1 IFILE 7-8 I2 File number for stacked data.

I 1 ISTAT 9-!2 I4 Statistics control parameter, Blank or zero for
no statistics output.

I 1 M 13-16 !4 Log base 2 of number of points to be transformed,
1 NREC 17-20 I4 Number of demultiplexed data records to be used

I I for calculation of psd Zneach fre_Jency band.
1 NOCT 21-24 14 Number of frequency bands required.

I 1 F1 25-34 F10.0 Lower frequency on output plot scale,
1 F2 35-44 F10.0 Upper frequency on output plot scale.

I 1 NDECS 45-48 I4 Number of decades on output plot psd scale.
IPRINT 49-52 14 Print output indicator; blank or zero for no tabu-

lated printing of psdand frequencies.

I 1 ITHD 53-56 I4 Third octave output indicator; blank or zero for

j no third octave analysis.I 2 ICHAN1 1-4 A4 Channel number - 3 numeric characters and alpha-
betlc character A or B for the A or Bmultiplexer,
Numeric characters between 001 and 128.

I 2 S 9-18 F10.0 Channel sensitivity in roll llvolts per measuredunit.

I 2 [SCALE 29-30 I2 Plot output control; blank or zero for axes requireddrawn on plot.

3 IBUF 1-80 20A4

/ Comments and identifying information printed
4 IBUF 1-80 20A4

with statistics output. Note: If ISTAT is blank or5 |BUF 1-80 20A4 zero, these cardsmust be omitted.
T_

22
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([ii) Plot of power spectral density versu_.frequency on logarithmic base 10

I axes. The plots are six inches square and have test and channel numbersdrawn. Frequency scale is _etermined by F1 and F2, and psdscale is
chosen to fit the largest value in the results using NDECS decades. Axes

I drawing and tick marks are optionally specified or suppressedby parame-
ter [SCALE. An example is shown in Figure 8.

I If third octave output is specified then (ii) and (iii) above refer to the computed third
octave results. A description of i'his cc,lculation is given in Section 5.7 below.

5.7 One-Third Octave Band Results

One-third octave band power spectral density results are optionally available,

I selected by data item II"HD. One third octave band center frequencies are given by

I fn = 2n/3 ~ 103t://3°

where n is any integer, and the band edge frequencies are

fl = 2-1/6 fm

i f 2 = 2 fm
1//6

I The lowest center frequency for which results may be obt_:ned in a particular calcu-
lation is determined by the bandwidth of the lowest frequency band calculated. It is

i advantageous to specify several frequency bands in order to produce results at lowfrequencies. The function of computer subroutine THDOCT, which calculates one
third octave band results, is as follows:

I (i) Find the first frequency (non-zero FRQ) of calculated results.

I (ii) Find first interval in FRQ.
(:ii) Calculate lower edge frequency of lowest one-third octave band, based

on USASI preferred frequencies (octave band based on 31.5 Hz center
Frequency).

_. | (iv) Calculate the one-_hlra octave b_nd which is just greater than the first
[ frequency interval.

+ (v) For ec.ch one-third octave ba,+dabove this find all psdresults, inter-
++ polating be_een frequencies in FRQ. The psdordinates in each band,

including the interpolated values on the edges of tho band, are averaged

i to give one psdvalue at each center frequency; psdvalues and frequencies
are stored in COMMON arrays AK and BK.

i 23
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6.0 CROSS POWERSPECTRALDENSITY USING FFT

I
The ma_hernatical method ::o, tlJis calculctlon is given ;n Reference 1, and the details

of the Fourier transform routine in 5.1 above. The organization of this program isvery similar to the program for calculation of direct power spec,_ral density described
in Section 5; however, the calculation of cross spectral density by a Fourier trans-
form method also provides the direct spectral density of each of the two channels

i involved This is provided in the program as an option whereby in additicn to thean

cross po,_er spectral density the direct psd of eithel or both £hannels may be output.

i The extensions to various other random data analyses are listed in Section 2.2.
6.1 Routines Comprising the Program

I In addition to the subroutines described in Section 4 and FFT42M, the following
routines comprise the program - all written in FORTRAN:

I (i) MNCPSDF

This is the main program.
(ii) CPSDCTLF

I (iii, _ CPSDFFT

I (iv) HANN

(v) PLTCPSDF(ICNTL)

Parameter ICNTL determines whether direct psd for either of the two data channels
or the cross psd is required to be output according to the following:

I ICNTL negative - first channel psd required
ICNTL zero - cross psd required

I ICNTL positive - second channel psd required

6.2 COMMON Storage

I Blank COMMON is the sameas that described in Section 5.3 above with additions
as shown in Tcble VII.

r
1- Labeled COMMON storage consistsof one block as in 5.3, and is generally similar

but with the following additions:

i (a) Variable SS, the second data channel sensitivity, inserted between
S and NPTS.

i
t
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TABLEVII

J ADDITIONS TO BLANK _)MM._M.._N

i Parameter Name DefiniHon

KBAR Do loop counter used ;n CPSDFFT.
==,

d Temporary integer counter.

CK(513) Real component of cross psd (unscaled).

I DK(513) Imaginary component of cross psd (unscaled).

I
(b) Arrays QSD(513), R_;D(513), and SSD(513), inserted following FRQ.

These ana PSD, are defined asarrays,

PSD - first channel psd )
I QSD second channel Assembledfor various

psd

RSD - real part cross psd I frequency bands

| SSD - imaginary part cross psd
I

6.3 ProgramFunction

I Program listings are given Appendix program organization very
in E. The is similar

to that described in Section 5, the main differences being in the input of extra data
from both cards and tape. The routines listed above correspond in function with the

I Joutines in 5.2 (except for THDOCT not provided program),
listed which i._ in this

and the functional description given below merely points out where the programs

I differ.
(i) Read in extra parameter ICNTL from channel card.

I (ii) The call to DEMUX wilt separate data for two channels and store
the results on logical units 3 and 4 and print statistics for each

channel if required.
(iii) In routine CPSDFFTdata is read from units 3 and 4 into arrays

!" IDATA and JDATA simultaneously and the Fourier coefficients
calculated for pairs of records treating them as real and imaginary
parts of complex data. There is no double buffering and con-
_equently there is no difference in processingdepending on the
value of M.

25
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(iv) In routine HANN the transformed results are separated into Fourier

I are passedthrou._ha Han_lin.q as
coefficients, filter before and then

converted _o direct psd f_,r each channel and real and imagincrv parts
of cross psdaccording to Equations (3.10) to (3.12) of Re.terence 1;

I are arrays AK, BK, CK, DKr ps_
results stored in _nd for direct

channel 1, direct psdchannel 2, real part cross psd and imaginary part

i ch'osspsd, respectively.
" (v) Filtering and decimation requires Iwo calls to CUTOFF with parameters

3 and 4, respective'./.

I .\ -
(vi) The output routine PLTCPSDFis called a varying number of times

i de.;endlng on input variable ICN11. which determines whether directpsdfor either channel is required as well as cross psd. The output
format is the sameas described in 5.4, with the ,:rosspsdbeing dis-

I played in the form of magnitude and phase angle.
(vii) r'arity checking on tape operations follows the same pattern as described

i in Section 5.4.
6.4 Card Input Format

i The first card of a data card set is identical to card number 1 of Table VI with ICNTL
taking the place of ITHD. Values of ICNTL and the;r effects on output of results

I are:
ICNTL = 0 Crosspsdonly

I ICNTL = I First channel direct psd _nd crosspsdICNTL = 2 Second channel direct psd and cross psd
ICNTL = 3 _oth channels direct psd and cross psd

I Card number 2 is defined in Table VIII.

I Three cards of comment and identifying information for the first channel and threecards for the seconcichannel mustfollow card 2, with repeated setsfor other channel
pairs following if required. The deck is terminated by an END card (columns 1-3)

I or a new card 1 rr_y be input by a NEWT card (columns 1-4).

6.5 Output Format

J Three types of output are provided:

_r (i) Printed statistics parametersand identifying commentstor the two
_- channels, optionally selected by parameter ISTAT. An exampl._ is

_hown in Figure 9. Note that i.r the stat!stlcs option is not selected

the input comment cardsare not required.
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TABLEVIII

DATA CARD 2 INPUT FORMAT FOR MNCPSDF

q

C_._d Vat;able Card FORTRAN

_, ,-nber Name Cclumn._ Format Description
q
%

1_ 2 !_CHANI 1-4 A4 First channel number (See Table V! for permissible
forms).

I 2 _CHAN2 5-8 A4 Second channel number.

2 I_ 9-18 F10.0 First channel sensitivity in mil livolts per measured

I unit.
2 SS ;9-28 F10.0 Second channel sensit;vity, as above.

I 2 ISCALE 29-30 ]2 Plot output control; non-zero to suppres:axis dis-play.

I
!

(ii) Tabulat_.d values of .Crequenciesand crosspsdexpressed in the form

I of magnitude and phase, the latter in degrees in the range :k it. Thist(Jbulation is optionally available according to the value of parameter
I','RINT. An example is shownin Figure 10.

I (iii) Plots oc crosspower spectral density and power slDectral density versus
frequency on logarithmic base 10 axes. The croe_psdplot contains

l three functions: magnitude venus frequency, absolute value of phase
' 1 versusfrequency and sign of thu phase angle venousfre _uency (expressed

as either 0 or 1 for positive o, negative angles). _x|s drr.,ing, labeling

I and tick marksare optionally specified or suppressedby parameter]SCALE. An example is sEownin Figure 11. Power spectral density
plots are exactly as described in 5.6 (ill).

I
!
!
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7.0 DIRECT POWERSPECTRALDENSITY USING AUTOCORRELATION

The mathematical . "ethod for th_s calculation, is given in Reference 2. The program
organization follows that given in Section 5, but instead of the FFT routine an
assembly language routine is provided which calculates the autocorrelatlon function
and the Fourier transform of an arbiTmly number of real data. The computer program
is described b_ow.

7.1 RoutinesComprising the Pro,gram

The program is composed oc the routines described in Section 4 together with the
following:

(i) MNPSDA. This is ,_hemain program.

(ii) PSDCNTL,_

(iii) PSDAUTO

(iv) CORLAT(I) Palameter ! takes values 1 or 2 to indicate in which half
of COMMON array IDATA data being analyzed is stored.

(v) PLOTPSDA

7.2 COMMON Storage

The first 28 wordsof blank COMMON are given in Table II and the de._initic_s
retained. The remainder of blank COMMON is usedby the routines of Section 4
as scratch storage and by the above routines for data transfer. Of the remaining
blank COMMON storage the definitions of variables NCOUNT through N given in
Table IV are applicable. ThE remaining definitions are glwn in Table IX.

Labeled COMMON storageconsistsof one block with label/DATA/, and is defineg

_. in Table V, but with the following modifications:
(a) M is now the numberof lags for the calculation of thu autocorrelatlon

" function.

(b) NPTS, MPTS, and MBAR are not defined.

(c) Arrays PSD and FRQ have dimensions1001.

i

N m I m
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I TABLE IX

BLANK COMMON USAGE FOR PROGRAM MNPSDAA

I
Parameter Name Definition

w| imEXTX(1000) This array is used to store the overJapping part of a record when th,_
autocorrelation funct;cn is being calculated from a series of records

I read into array IDATA in sequence.
...... |,

AK(1001) Autocorrelation coefficients for M lags are summed in this array cal-
culated over the number of records specified by NREC.

I CK(1024) The psd values, obtained from a Fourier transform of the autocorrela-
tion coe_ficients, are held in this array before being selectively

I t:ansferred to PSD
'.

I, K, L Counters for various Do loops.

I i u .,,
KREC Record number counter for each frequency band. Data input is con-

trolled L,y this parameter.

i KBAR, J Scratch storage.
XMEAN Mean value for each set of data input, including filtered data.

I SIGMA Standard deviation for each data set.m

7.3 Program Function

I Program listings are given in Appendix F. The basic program organization is ._hesame
as that described in Section 5.4, the main differences being the substitution of routine

I CaRl.AT for FFT42M; the other routines have corresponding functions. The function ofthese routines are as follows:

I (i) - Identical to the functions of Section 5.4, with the appropriate routines
(xl) from the llst of Section 7.1 inserted where required and with the following

modifications:

(a) M is the number of lags in the autocorrelation processwith a
maximumvalue of 1000.

I (b) Item (iv) is deleted.

_ I (c) NPTS, MPTS end MBAR are not
calculated.

_ I (d) Array EXTX is cleared instead of BK.

" 29
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1
(xli) Increment KRECby 1. Initiate input of next data record into the second

half of IDATA and call routine CORLAT with parameter 1 to indicate
I analysis of data in first half of IOATA.

I (xiii) Routine CORLAT calculates the contribution of a 1024 word data record:o each of the M + I autocorrelatlon coefficients and also the contribu-

tion to the mean value for this set of data. The last M words of the pre-

I vious record are a._sumedto be held in array EXTX and are used in thecalculation of the autocorrelation coefficients, see Equation (7.32),
Reference 2. The last M words of the cuncnt record are then placed in

i EXTX (overwriting the previous set) followed by exit from the routine.The products and summations for autocorrelation coefficients and mean
(in COMMON variables AK and XMEAN, respeciively) are carried out

I in 48 bit binary integer arithmetic.

(xiv) On return to PSDAUTO KREC is checked for equality with NREC. If

I they are not equal the input initiated in (xil) ;s checked for completion,transmission pari:y errors, and end of file. KRt:C is incremented by 1
and input of the next data record is initiated.

I (xv) Call routine CORLAT with parameter 2, indk,ating analysis of data in the
second half of IDATA, and on return compare KREC with NREC and if

I KREC is smaller repeat the procedure from (xii), otherwise go on to (xvi).

(xvi) When the required number of records have been read or an end of file

I detected use entry, point FLOATAK of routine COR/AT to convert theM + 1 autocorrelalion coefficients and data sum from 48 bit fixed point
integers to 48 bit floating point numbers.

I (xvii) Calculate mean value by dividing data sumby the number of the data
and convert the autocorrelation function to that for a zero mean after

I dividing each coefficient by its appropriate value of n - r.

(xviii) Generate a series of cosineswith argumentsil/M for i = 1, 2,3,...,

I M - 1 in EXTX and call entry point FTRANS of routine CORLAT.
array

(xix) FTRANS calculates the Fr,,urlertransformof the M + 1 autocorrelation

I coefficients (Equation (7.39), Reference 2), using the table of cosinesstored in COMMON array EXTX.

I (xx) On return from FTRAN$ the transformedvalues are smootheduslng a
Hanning spectral wlndow (with welght_ 1/4, 1/2, 1/4, see Equation

i (7.46), Reference 2), and exit to PSDNTLA is effected.
(xxi) The remaining part of the pro,gram is identical to operations (xviil) -

l- (xxv) of S6¢tion 5.4 with the following modifications:

30

I"

1970003212-038



i
(a) psd conversion f',ctor depends on octave number and channel

I sensitivity only.

(b) Frequency values are generated _n array FREwhich is equivalenced

i to array IDATA.

(c) NCOUNT is set initially to 1001.

(d) Third octav_ routine is not used.

I (e) Routine PLOTPSDA examines each value of PSD and if negative orzero is made equal to 10-7, to avoid a negative or zero argument
when calling the ALOG function.

I 7.4 Card Input Format

Card input formats are identical to those specified in Section 5.5 with the followingmodi ficati ons:

I (a) M is the number of laqs when calculating the autocorrelation fun'_tion.

(b) ITHD is not included on Card 1 .

I 7.5 Output Format

I Output formats for printed and plotted results are identical to those described in
Section 5.6. Figure 12 shows the power spectral density calculated using auto-
correlation for the same data as that used for Figure 8.

!
!
ill

I
!
!
1

31

1

1970003212-039



l
8.0 CROSS POWERSPECTRALDENSITY USING CROSS CORRELATION

t The mathematical details of this calculation are given in Refererce 2, an_ ,_hepro-
gram is described below.

8.1 Routines Comprising the Program

I The program is composed of the routines des:ribed in Section 4 togevher with the
. following:

i (i) MNCPSDA. This is the main program.

(ii) CPSDCTLA

I (iii) CPSDAUTO

I (iv) CORLATXY

(v) PLTCPSDA

I 8.2 COMMON Storage

I The blank COMMON description given in Section 7.2 applies here together with thefollowing additions:

I (i) EXTY (1000'j for storage of overlapping part of second channel recordsused in the cross-correlation calculation.

I (ii) BK (1001) for storag_ cf one set of cross-correlation coefficients.

(iii) YMEAN for summationof secondchannel data.

I (iv) SIGb_,¥ for storage of second channel variance.

W (v) KRECanc_KBARdo not appear.
gl

Labeled COMMON storage consists of one block with label/DATA/identical to thai

I described in Section 6.3 but with the following modifications:

i (a) RSDand SSD are deleted.
(b) PSD and C_SDcontain real and imaginary parts of the crossspectral

density.
(c) Array dimensionsare 1001.
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8.3 Program Function

I P;ogram listings are given ;n Appendix G. The organization is similar to that
described in Section 7.3, with the additions required for the handling of data from

I two data channels simulataneously.
Input data is similar tc that given in Section 6.5 and the subroutines listed Jr.

Sections 7.1 and 8.1 have corresponding functions. The major differences occurbetween PSDAUTO and CPSDAUTO and between CORLAT and CORLATXY. In

the former case, routine CPSDAUTO reaas in pairs of data records from the two

I demultiplexed data channels held on logical units 3 and 4, re_-.ec,lvely, beforeprocessing them; thus there is no parallel input and _rocessing. In the case of
CORLAT and CORLATXY the latter routine calcuiates cross-correlation coefficients

for M positive and negative lugs, using 48 bit q_:eger arithmetic, which are storedin arrays AK and BK. Entry point FTRANS c__-;..flatesthe Foulier transform of the
sumsand differences of the cross-correlatior :.efficients _,sing tables of cosine and

i sine values held in arrays EXTX and EXTY, ,oectiv4y. After Fourier transforma-tion a Harming spectral window is applied to :he r:ai and imaginary parts of the
cross psd in the usual manner.

i The output routine PLTCPSDA plots and prints the results in terms of cross psd
magnitude and phase as a function of frequency.

tl

. _ 8.4 Card ]nput Format

I Card input formats are identical to those specified in Section 6.5 with the followingmodifications:

I (i) M is the number lags when calculating the cross correlation function
(positive and negative lags)

": I (il) ]CNTL is deleted.

8.5 Output Format

-!
,: Output formats for printed and plotted results are identical to those described in

Section 6.6.

i!
[
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9.0 INSTRUCTIONS FOR USE OF THE PROGRAMS

9.1 Software Requirement_

The programs are written in a combination of FORTRAN and assembly language
(COMPASS) for the CDC 3300 computer and a:e intended to be run under the SCOPE
operating system. Slight changes are necessary to permit the programs to be run
under the MASTERtime-sharing, multi-programming system; in this case, MASTER
requires provision for output to a plotter.

In addition to the usual FORTRAN functions that are required, a series of routines
to drive a Calcomp Model 565 piotter are called for by the various output routines;
the required plotter routines have entry points nomed PLOT, SYMBL4 and NUMBER
and their usage is described in Reference 5.

9.2 Hardware Requirements

The following hardware configuration is necessary to run the programs:

32K Words storage (K = 1024)

1 Card reader

1 Printer

1 Plotter

5 Tape drives (4 in the case of proglams to
calculate direct psd only).

One extra tape drive to read the systemstape is desirable. Three of the tape drives
are usedas scratch units and may thus be replaced by alternat've massstorage units
such as discs or dr_ms.

I 9.3 Logical Units

In addition to the SCOPE systemunits the _ogicai units specified in Table X are used
I by the programs.

• I_ Tapesusedo,. ,o3ical units 1 and 2 are always recorded at hyper-density (800 bpl),
! while the remain_nfl tapes are usedat standard density.

T
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TABLE X

I LOGICAL UNIT USAGE

I Logical Unit
Number Usage EQUIP Card

• uli

I 7 EQUIP, I =MTCOEOU031 Multiplexer A input data tape 9

I
Multiplexer B input data tape. (if only 7 EQUIP, 2 = MTC1EOU042 one multiplexer tape is being used, 9

I logical units 1 and 2 may be equated.)

Scratch unit for 1st channel demuiti- 7 EQUIP, 3 = MTC0EOU05

I 3 plexed data. 9
Scratch unit for 2nd channel demulti-

4 p_cxed data. (For the direct psd programs 7 EQUIP, 4 =MT01EOU06

J logical units 3 and 4 may be equated.) 9
n

I 7 EQUIP, 51 = MTCOEOU0751 Scratch unit used in th_ c.;rering process 9

I
I TABLE Xl

I BANDWIDTH AND DEGREESOF FREEDOM FORMULAE

I Banuwidth Frequency
Interval Degrees of Freedom

FFT Method 2h/2**M h/2**M NREC/2**(M - 11)
i

J Auto/Cross h/_ h/(2* M) 2048" NREC/_Correlation

I
!

.
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|
9.4 Choice of Analysis Parameters

J The choice of certain of the parameters which govern the analyses is extremely
important if meaningful results are to be obtained from the programs. These

I parameters are:
(i) M the log base 2 o,_ the number of transform p¢ints in the FFT

II programs.
|

(il) M the number of lags _n auto-cross correlation programs.

J (i;i) NREC the number of 1024 word data records to be used.

I (iv) NOCT the number of frequency bands into which the frequencyaxis is divided.

I (v) h the data sampling rate.

Thesevalues determine the analysis bandwidths and statistical accuracy (measuredby

I number of "degrees of freedom") as indicated in References 1 and 2. For the FFTbasedprogramsthe numberof transformpoints is constrained l'obe an integral power
of 2 and thus, for given h, choice of bandwidth is not very flexible. It should be

! -noted ,_hatfor a given value of 2 * * M and M the bandwidth in the direct Fourier
transform method is twice that of the auto/cross correlation method_but with the
same numberof degrees of freedom for the same length of data sample. A summary

J of the formulae for bandwidth, frequency interval and degrees of freedom in term_.of the above parameters is given in rable XI. Since J_vovalues of psdare obtained
per bandwidth the frequency interval between adjacent psdvalues is half the

I bandwidth.

It shouldbe noted that, following FORTRAN terminology, a 51ngleasterisk means

I multiplication and a double asterisk raising to a power in Table XI.

For the analyses when NOCT = 1 constant bandwidth resultsaccording ro |._._above

! ,formulae are obtained; when NOCT is greater than 1 the formulae of Table Xl refer
to the highest frequency band and for each lower band the bandwidth and frequency
interval is effectively half that of the adjacent highe_ band since the sampling rate

I in each band is successivelydivided by 2 by the filtering and decimation
process.

The numberof degrees of freedom is maintained constant in each band by the pro-
cedure of analyzing the same numberof data points for each frequency band, i.e,

I the amount of time coverea the data in each band i_ always doub!e that of the
adjacent higher band. The total numberof data points required for the analysis is

given by NREC * ,2 * * (NOCT + 9).
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t
The frequency bands are always chosen on an octave power of 2 b,_slswith the upper

I band containing a complete octave plus any residual up to the highest frequencyrepresented by h/2 cycles per second. Similarly, the lowest band contalns _ full
octave plus the residual down to zero frequency. The remaining bands all cover

i 1 complete octave.

!
-w

1

I
I
I
I
I
I
I
|
N

!
I
1
F
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I
10.0 ERRORMESSAGES

Throughout the various pJogram_a variety of diagnostic messag_:sare availabie to

i indicate the occurrence of errors (mainly parity on input/output or unacceptableinput data) and other reportaE,i_ conditions. The following is a list of all the
diagnostic messagesand lheir meanings under the headi: _ of the subroutine names

I in wh:ch they occur. Throughout these messagesa group oI_XXXX implies a numberthat will be supplied at program execution time.

i Messages are always output to The standdrd output unit (Logical Unit 61) unless
• otherwise indicated below.

J (a) DEMUX

I. NUMBER OF OUTPUT SAMPLESCALLED FOR XXX (XX

i RECORDS) EXCEEDSNUMBER AVAILABLE - XXXX

This message is produced when r.ot enough data sumples for this

I channel are available on the appropriate multiplexer data tapeto meet the number required.

2. END OF FILE DETECTEDWHILE READING DATA T._PE

An end of file has been detected before the required amount of

data has been input from a multiple×er tape despite the indicationfrom the initial records that there is enough data.

I 3. DATA ENDS AFTERXXXX RECORDSXXXX RECORDSCALLEDFOR XXXX RECORDs WILL BE OUTPUT

J -nls message follows number 2 when insufficient input data hasbeen found.

I 4. WORDS,'INPUT RECORD- XXXX- EXCEEDS2000

The records from the input data fap(,scontain XXXX words which

exceeds the available buffer sizes in DEMUX. After this
diagnostic, program execution terminates.

(b) SCANTAPE. All the in this section termination ofdiagnostics cause

program execution.

5. MISPLACED EOF ON INPUT TAPE LUN
XXX

I t The initial records on on input tape are not in correct order.
t
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J 6. WRONG T,L_PE,ID(I I) RE,_OAS XXXX

l
J The test identifier read from a card does not agree with that on

the input tape.

7. W_ONG TAPE, ID(12) RE#O AS XXXX

Input tape multiplexer identifier is not MUXA or MUXB a_
appropriate.

8. CHANNELS NOT PRE_SENTOR INCORRECTLY SPECIFIED

A channel lumber from card is net among those on the input
tapes.

(c) STATIST

9. INCREMENT INVALID, ]NC = XXXX NO HISTOGRAMS

The cell interval for amplitude prdoability distr;butions |s not in
the _nge 80 to 4895.

- (d) ERRECOV
..

10. PERSISTENTPARITY ERROR* * * * * *

A permanent parity error hasbeen fcund on a tape. This message
is always followed by a further messageindicating on which logical
unit and in which phaseof the demultiplexing processthe er_.or
occurred.

: (e) r "

11. PPECALLED, ENOUGH DATA LEFTTO RESTART

A ix'rity error on an input data tope has been detected and enough
dafa reamins in the submultiplexed group to allow the demultiplexirg

._ processto restart.

12. PPECALLED, INSUFFICIENT DATA TO RESTART,OMIT RECORD
AND CONTINUE

As above, but not enough data remainsto restart so the record In
error is omitted from the sot of input recordsanc_the demultiplexing
processcontinues.
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I

(f) LPFiLT

13. PARITY ERRORON INPUT LOGICAL UNIT XXXX WR!TTEN
ERRORFREE. CLEAN TAPE HEADS AND RESTARTJO R

An irrecoverable parity error has been detected on logical units
3 or 4 wh;ch are known to have been written error-free in rout!he

FILLOUT. Execution terminates after this message.

(g) MISCELL (entry point BACKSKIP)

14. LOAD POINT FOUND ROUTINE BACKSKiP

In skipping backwards to an end of file the load point of the taoe
has been reached. Execution terminates.

(h) PSDFFT, PSDAUTO

15. PARITY ERRORREADING LOGICAL UNIT 3 AFTER ERRORFREE
WRITE. CLEAN TAPE HEAD AND REPEATJOB.

This messageappea_ on the CTO unit (comment to operator) and
is self-evident. Execution terminates.

(1) CPSDFFT, CPSDAUTO

16. PARITY ERRORSON READING LOGICAL UNITS 3 and 4 AFTER
ERRORFREEWRITES. CLEAN TAPE HEADS AND REPEATJOB.

This messageappears on the CTO unit after a parity error on
either !ogical unit 3 or 4. Execution terminates.

(j) PSDCNTLF, PSDCNTLA, CPSDCTLFI CPSDCTLA

17. TOO MANY POINTS IN PSD RANGE i

This messageappoarswhen the numbero_psdvalues exceedl the
, available array space. It can only o'cur when NOCT is greater _?

than 1. Resultsare generally meningless because somedata in
core storagewill have been river^ _te:a.

!
All the following dlagnostlca cause program temdnatlon:

i (k) MNPSDAF, MNCPSDF
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18. M GREATERTHAN 10

The value of M read from the input datJ _sto,_ I¢'rge.

I (_) MNPSDAA, MNCPSDA

I 19. M GREATERTHAN 1000

The value of M read from the input data is too Jarge.

I (m) MNPSDAF, MNCPSDF, MNt'SDAA, MNCPSDA

I 20. FI = XXXX GREATERTHAN F2

Lower frequency greater than upper frequency in ,equired plotting

I ronge, read f_om input data.
21. MORE FHAN |0 PLOT DECADES SPECIFIED

m Value of NDECS re_d from th- ir.put data exceeas I0_

I
I
I
m

I

I

!
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I
II .0 PROGRAM EXECUTION ilMES

I The major factors which influence the execution times for the prog,amsare the
analysis bandwidth, numberof frequency bands and the number of data samples

I used in each band. Of the total execution time, the time to plot the results on-linois generally significant or,d this varies with the degree of variability of the psd. A
further variable is the ar.,ounf of time spent searching the input tape(s) to find a

I particular channel of data. An exhaustive and detailed attempt to determine execu-tion times has not been possible but the times given in Table XI! for various analyses
are representative. Details of the four analyses are given in Table XI]!; times are in

I minutes and include plotting time but do not include time to read the program into thecomputer, mount tapes1and read data card number 1.

I !t is observed that in the analysis using 5 frequency bandsthe correlation method isfaster than the Fourier transform method; since twice as many data pcints are required
for the latter method to give the same numberof degrees of freedom it is apparent

I that the gain in speedof the FFT is outweighed by the extra filtering time requiredfor this particular case.

I
I
I
|

I
!
[
r:
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TABLEX:l

i PROGRAMEXECUTION TIMES

I Program Analysis Analysis Analysis AnalysisNo. 1 No. 2 No. 3 No. 4

I MNPSDAF '"
WCP/68-20 1.22 1.30 2.28 6.33

d

f MNPSDAAWCP/68-21 1.57 2.84 3.54 I 5.23

I MNCPSDFWCP/68-22 2.94 3.60 4.85 11.90

MNPSDAF

I WCP/68-23 3.40 4.67 5.77 8.95

I
i

TABLEXIII

i TIMIN G ANALYSIS DETAILS

No. of Lowest No. of Nc,. of

Analysis Transform No. of Bandwidth Frequency Degrees No. of Data Samples

• ! Number Points Lags (Hz) Bands of Freedom FFT Correlation

1 512 256 23.4 1 40 10,240 5,120

! !2 512 256 23.4 1 104 25,492 _3,321

I 3 512 256 6.86 3 64 8,192 4,096.m i

4 256 128 :_.43 5 64 81192 41096

[
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i
12.0 CONCLUSIONS

A series o_ computer programs for power spectral density of discrete data have been

I described and documented. The methods include direct Fourier transformation and
use s.c the cc,r_elation function, cpplied to both direct and cross spectral density; a
facility for varying the analysis bandwidth over the frequency range has also been

I provided. Full details have been included for use of the programs and for programm
maintenance an_ _.×tensior_. Further analyses which can be of interest have been
ir_dic,_ted.

i
I
i
I
I
I
I

_1
4
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_t_

I R d An(,/ is I CaicuJate Density 'IControl Card

(Card No. 1) 1 FOr j___
I

-1-2 L
I t Channel

Card

I No. 2) :nGraphical ancPrinted Form

I
Columns r •

I J Filter Data to Remove J! I
No j UFp_ ,taif of j_

I bis_ra;3 uency C°ntent" IA Iternate Points_. I
Yes .....

Colu_ns STOP

I _.o
_ J r 1

J Find Channel(s) on Input J

_ I I Tape(s). Input Required I
I Data; Calculate and I
J Print Statistics J

?,: I ¢eadand_inf_

?m+Co+J!

Figure 1, Flow Chart of GenerM ProgramOrganization
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ntry: Roufine_!
DEMU× J

Rewind Units 3 and 4. Pick Out Channel identifiers

As One or Two Channels. Set Flag IC-- 1 or2for
One or Two Channels on Different Input Tapes.

Set M = 1 or 2 for Input Unit 1 or 2
When 1 Channel (or Bothon SameTape)

Call Routine 5 -A,NTAPE Once or Twice

As Required by Channel Numbers

j, m. 1

Calculate Channel Sampling Rate. Form 6 Word
: Header Record for Units 3 and 4 and

Output to 3 and 4 If Two Channels Required
! i i

Check Parity of Output Statements.
-- Call ERRECOV

To Repeat Output if Necessary
L

_ -- _

Call Entry Point CONVERT To Ret'Jrn Channel
_ Number as Binary Integer.!

Calculate Data Input/Output Parameters
i i ii i

P°__

: Message

Figure 2. Flow Chart of Data Demultlpl_ing Routinm
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= No \

Clear
Parity Flag I

J
Input First

T Data Record
From Unit M

1
Print Error

i Messogeo EOF ? !J = 2 J = 1
STOP

Call

Nq ERRECOV

" 27 _@_ri Yes __-

I \

T Commence _!_

Input of Next
Data Record

r t .... l

I " ]Calculs_'e Addressof Each Sample In _ , _! t-k.;b O"t--'" I
" ' Previous Record lnpuf _'al! .... Record Parity

" - " I Flag. CallI L_utine F!LLOUT For Each Address CHECKPAR!

! Figure_2. Continued
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Coil&Ec-_es _. Repeat Input

As NecessaryCqll PPE

Yes
Records ._

/Commonco)
I Input of Input Next

t kNext Record Record

f Repeat Steps From !
Las_Dcta Input Us,ngI

[ Previ°us Data Rec°rd i

-I Carry Out Do,,ble-guffered Input ".OnLogical Units 1 and 2 Respectively
No _ As Indicuted Above.

Use Entry PointFILLOUT 2 For Data Storageand Output
Yes

,!
! <>

__ ;

!: - Call STATIST ,,
I. }

; CRETURNj "_

F;gure 2. Cow:tlnued ,_
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I

: Yes Yest
I

: Channel_n To Move Tape
CurrentGroup? To Beginning

No

• RETURN

:. _ _orwarct

I. :orward

I Use Use
SKIPEOFTo BACKSi(IPTo

' I PositionTa PositionTa
i

i Input First |nput First
Record Record

! _ Print

EOF? Memage Yes EOF?t

i.[ TO,
No

I No _hannel ]n_

f Figure2. Continued
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I IraSk_pRequiredl I C°unter=el

_mb,,ro_F_l_/ IIn=_ent_°cordl

l C_nt_ II ::l
[,°,_,,,.,L i s.,,.,;,

I k,.o.,)- ,,,..J Non-Zero

J -- 1 _

(RETUR,) ( I :I ,,.u,.)
I {'Entry: Rout|ne_ EntryPoint

'%_FILLOUT.] FILLOUT2

To Routine

I Call GAUL2 ToJ
SeparateData

I Sample.Storeln SeparateData
ISAVE For I Channel

i Store1, .::
i;

i No SampleAnti ;Blank? StoreIn
[SAVE RecordWhen

MWC = 1024 i

J AsAbove

m c_.,. (,,,u,,) r'

%

_'

RETURN :-_

Figure2. Continued _
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{_ntry: Rouf_ne_

_,_SCANTAPE_

I i
I JNumericalCho,I

J lumbers to j
1Binary InteBer_

'|
I Fe,
I MD(M) = 1. Input ID RecordsFromUnlt _M. CheckParityandCompareTest

Numberfrom Cardwith TestNumber _,C_ouJ
I FromTape. Check MUXA or MUXB

On Appropriate Tape _ _No

, (-,)Message
I_'int _TOP

i Tape? MessageSTOP

i

o

(

| No

I 1 ....

Yes - _ RETURN) ,:c-rou -_
JJ ,-

No _.
III '_

- Prinl
Read EOF. EOF? Message i

Input Channel STOP
I ID Re_ord

- Figure2. Continued -I
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_._STATISTJ

i Clear H;stogram1
Array. Set J
Input Unit I No

I No. LL'N= 3 II
t

I = Cleor
Summation INDBUF = 2 1

V_rlabl es. Check Parity !I INDBUF = 1 On Last Input

I _R:::;d Hnendd;:t_
_Data Record

I \ 'OniUN J

pletion. CheckI /Input Next
Parity Using I /Dora Record _

I ERRic°vI On
"" L LUN )

I flnput Next '_
[Data Record|

OnUnitJ
I L

I Calculate Con-L I Check Parity _!On_.,,._u,J
SIrab_'l;i':: F_r_mE ,;_

I ' _._lJu'_.Histogram

Contributions No

,| _ __o,donI

Figure 2. Continued
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Calculate
Statistical

I ametersFromSummations

,
'!

Print Stahst_cs

I /
I _

; | No

i i Figure2. Concluded
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55

!

197QQQ3212-Q64



i
{"-Entry: Routine._ N

I i_olculoteF_m;(
Weights as

JintegersScaled

I [___by 2**221 I"°
I (RETURN..) Transfer Over-ilap Data i'o j

UPper End of J

I (_ Po;n,CUTOFF-') New Record I
_. Routine LPFILT j ., 1

Ca(I LOOP fori

I 1 .. Points 508 to '

J Rewind U,its J 512. Input

j 151, LUN. Skip I Next ilcord
I Over Header J
I Record LUN JI

i ICallLOOP fo;J
I Points 513 to I

J]nput ls!recordJ 11019.Transfer J
I Ion LUN. ClearJI Data Overlap J L_ower Overlal- .

I J f°rFilter J __/Input Next "_ /Print Messag

i G , ,,o,_ _Cal LOpP for I __ /

ITranster Over-

J Jlap Data. from
J Previous

g_ tramferOv,r-J }fp lap Data to I ¢rint Messo Upper =nd of J

ks,o,'/ "..,..¢/ ,..,.,.oo,.,.r '
.

t.

{', Figure 3. Flow Chart of Low-PassFiltering Routines _
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I

_nrry: Routlneh
!

K Calculate !

| 4 dressesJ

Isum_o,.ofI
| dds IO°taWithsameII Weights in I

l I ArTyN I
l

Coil ERROUT jCall PRODSUMI
I to Repeat or ItoForm Sum_fl

a" SKIPSIXto I Products of l

1 Restart l_ata, V_eights I
l

! _RETURN _

I
I
I l_ilJ Lost PartlyIFilled Output

Record

i I i

/.o_,putLo.\
_F_lteredRecordJ -

k to Unit 51 / / Copy Data
" ! l ,._=._r_ S.l ,o LUN i

i Il, I kEnd_ll;LU"/

ii. I JRecordonLUNI _RETURN )

I_ Figure 3. Concluded
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ntry Point COSTABL_

to RoutineFFT42MJ

j_ Pick-up Parameter Set _iXl = NMX,/4. PickNMX: FormNMX/4 up ParameterINOUTand
Set FirstValue of Set Operand in XOA as

I Table= cos0 = 1.0 0 or -0 DependingonJ INOUT being 0 or7_0

I kJ-l_°t_,,--_1,_,l
!
- _"° i _:_=3*,,w,"I
I! I xc3=_v3 I
II ! _cl=_Vl I

| Yes I IOiV:1 I
I MLpcT: ; I
I MLPINC= I
I MLP*INCT I

I /_ntry- RoutineS. i JNCT= MLPOV4*INCT I
I _ FFT42M ,,,/

I Pick up P!rametersFormNMX = 2**LG2NMX
LG4N = LG2N/4

I ' N'=i**LG2N

i Q
Figure4. Flow Chartof RoutineFFT42M

T:
58 _:

1970003212-067



t

i "k •

I Q--
I
I
I
!, li ++,!
I _

+,|

* This table occupies one quarter
cyclo and a table look-up routine

I provides the value from the tablein the correct quadrant

Figure 4. Continued
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Complete Transform
I Yes for LG4N Odd by

Final 2* N/2

I Transform

I _,_ (_
i : MLPCT + I

the Processof Bit I
J Inversion of Each J

Binary Address I

!
I Yes

! .... 1_° "
! ou,_,:i

OUTLPCT+ 1 I

I
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i finn try Point: "_ (_
_Ma_n Program_/ Y

fR_Card \
| /No.1.1STACKI

_=ISTACK+IITHI_
\: ITHD + 1/

Cal! SETUPto .t Cal! DEMUXInitialize iCalculateNo.
Plot Routine I of Degrees of

J Freedom

IChec:."o_
iof Card 1 Data J Yes
I Print Me_age

[ if In_alld j

l_0_lFFT42Mto!
iSetUpParar,,- I
leter Addresses|
ICaHCOSTA._LEI

!
AdjustNumberl

of dof and |
Number of Fre- I

1 ,, t, , quencj, Bands/

j Calculate Ii i ,um_ro, __n_--_-! ( width, dof, J
input Records

I, ...._c \ ot_./l/_'ead ard _ _allPSDCNTLF

| INo.2. ISCALE J._ CallONECYC _

_k_ sCALE + 1 /- " if ITHD =0,1f

I _ ' not Call THDOCT

and OCTOV3

,!
t" Figure 5. Flow Chmt of ProgramWCP/68..20' 't
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 otry:Rou:i
l _PSDCNTLFJ

I NPTS=2"*M For All Frequencies Be-
MPTS= NPTS/2 "_1 tween FU and FL Preserve

MBAR =512/NPTS psd in PSD and Frequency
_',OCT= 0 ;n FRO. Decrement NCOUNT

i by ! Each Time
Call PSDFFT

Calcu late Upper
Frequency Band

FU. NCOUNT=513 I
PrintMessage

FocT ocT+;1
I Gene,ate Fre- L i

• J quencies in J- No
' J Array BK J

(RETURN _'_Yes /K(CT_"

-Normalize AKIArray to PSD J

_ Using J _No

_- -- Se_rt_ CoilCUTOFF
;- _ _ for Unit 3Call PSDFFT

Calculate J
Lower Limit of J

: Frequency BandJ
_ FL, I

!-, FL =0

,!

Figure 5. Continued
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i I: ?
PSDFFT

Record '.lnlt iK2i_Ce/

3 ,' . 1
I Skip Over Call FFT42Mt Data Reco_ and AKBK

Unit 3 MBAR/'2 Times

I 1

Input 2nd Print Messa

Data Recordi STOP

I Yes Message Yerity Errc m
STOP

RETURN

;_ I CommenceYes

_, rs = 102 Input Next

t*
!

Figure 5. Continued
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I _REC= KREC+ lJ Input
JSectionPrevious( Data Record
I Record In J KREC=

I IMBAR i engths / KREC* 2,

Ca'll FFT42M iEO_F?MBAPv/2Times Yes

I _ (RETURN) No

I NREC[? _ _

nput ,_ M_isntge'"__ j Commence

I Parity res STOP /- I Input Next

I [_ Yes J CalIFFT42M AndJ AKBK to Analyze A
J Pair of Records(Reall And Imaginary Parts)

I (,..o,.)[

I
Figure 5. Concluded
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Figure8. GraphicalOutputfromProgramWCP/68-20
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Figure11. GraphicalOutput fromProgramsWCP/68-21 and WCP/68-22 _
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_ Figure 12. Graphical Output from Program WCP/68-21
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SUHRCUTINE UEMUX(N1024RmISTAT. INCF'SI)
COMHCN ITES[,_;_ANIoluHA 2.IHALFeMD(?)
CUMMCN ID(ld)tI_F(7)plSTACK, IFILE,IUATA(2000,2)elNDU, IREC

COHHCN Nle_'.2j_3e_'41kS,NbbNT,NUjNqwNlOmNlleNl_eN13oN14j_lSeN!6eN17
C_MMCN NI_,MMM_ I_eJGaKG_HCNAN2e I

I COMMCN IS_¢E{10_4_2_1COMMCN JSjJJSeKS,MWCmlFLAG(_I,IDONE
[IME_SION !DREC(A)

_gUIVALENCE ( Id_EC(4} , _RATE) ,(IUREC(1)mIDATA(2)}

I gEwI_D 3_E_I_D 4
kCHA_l=ANI)(|CMAmIs17H)

I _C_A_2=AND(ICNA_Pp77P)IF(MCHANI,EQ,4HOOOA,AND,MCHAN2,EQ,4HO00A)IO0,19
1_ IF(MCHAN1.EQ.4HOOOA,AND,MCHAN2,EO.4HO00 )100,20
2C IF(MCHAN1,E_,4HOPOR,&ND,MCHAN2.E_.4HOOOB)llOj2q

I 2_ IF(HCHAN1,E_,4HOOOH_AND_MCHAN2,EO,4HO00 )_10,_03_ IF(MCHANI.:Q,4_O_OA,AND,MCHAN_.EO,4HOOOB)_O0,40
40 w : ICHAN2

I _U_ =21CHAN1GO TC 521
500 N = ICHAN1

= ICHAN2

5_1 IC : 2
_MH = 1

C SUPRCUTINE $CANTAPE SEARCHES RFUUIRED MULTIPLEXEP TAPE FOR THE

C FEGI_NING OF THE SUMRUX GROUP cUR THAT TEST AND CHANNEL PAIR,
C FNTRV SEARCH IS USED FUR ALL SEARCHFS OTHFR THAN THF FIRST ON

I C THAT MULTIPLEXERC

CALL SCANTAPE(K_4H _1)
CALL SCANTAPE(J,_4 ,2)

l GO TC 1130C

C CASE OF BOTH CHA_NELS ON THE SAMF MUX TAPE, OR O_E CHANNEL ONLY

i C e=i_ MLJX_
C _=2, MUXB
C

100 P=I

I GO TC 112110 _=2
112 CALL SCANTAPE(ICH_NI,ICHAN2_M)

C

I C WRITE TITLE ID U_; OUTPUT TAPE (LU 3) AN_ SCRATCH TAPE fLU 4_ IF REOUIRED)C

IC : 1
113_ IDREC(3)mlCHAN1

SRATE=41700,O I (FLOAT(INF(7)eINF(6)) * 1,0)
!DREC(6) • 0
IDREC(1) = ID(11)

I_ IOREC(2) = 10(13)_PE = 0
"+ 1134 EUFFER OUT (3_I)(IDREC(1)_IDREC(6))

113_ GO TC (1135,1137,1137,113&)eUNITSTF(3)
_ 113d CALL ERRECOY(Be_ºNPE_J)
! GO TC (1137_1134)_J

1131 CONTINUE

( 72
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I

l IF(MCHAN2.FQ.4HOO0 ) 1144,1138
113_ IDREC(3) = ICHA_?

_PF = 0

l13g EUFFER OUT(4,1)(IDREC(1),ID_C(6))114C GO TC (1140,1142,1142,1141)_UNIT_TF(4)
1141 CALL ERREcov(8,4oNPE,J)

_0 TC (I142,1139),J

1142 CONTINUE1144 IDONE=O
120 IRFC=O

C

C CYCLING INI)EXES
C NI = SAMPLE_/uECORD INPUT _ATA
C N_ = NUMBER OF CHANNELS IN A SURMIIX GROUP

C N3 = SAMPLESICHAkNEL/RECOR D IkPUT DATAC N4 = SAMPLE I_ITIAt INCREMENT FOR CHANNEL I
C N_ = SAMPLE I_ITIAL INCREMENT FOR CHANNEL 2
C N_ = UPPER LIMIT OF SAMPLE-COUNTING LOOP

I C N7 = SAMPLE AnDRESS FOR CHANNEL I SAMPLEC N8 = SAMPLE AI}DRESS FOR CHANNEL 2 SAMPLE
C

C NIO = 1 FOR LOWER HALF OF WORD= 0 FOR UPPEn ( CHINNEL i SAMPLE )

I C NIl = I FOR LOWER HALF OF WORD_ 0 FOR UPPER ( 2
CHANNEl SAWPLE )

C NI_ = NUMBER Or SAMPLES OUTpHT PER CHANNFL
C N14 = NUMBER OF IkPUT RECORDS ON MUX T_PE
C

I
C NIT = WORD ADDRESS, CHANNEL I SAMPLE
C NIP : WORD ADDRESS, CHANNEL ? SAMPLE

I CALL CONVERT(ICHAN%aK)

C

CALL CONVERT(ICHAN2,J)
_1=2"INF(4)

_2=I_F(7) - INF(_) �1_3=NI/N2

_4 = K-INF(b)*2
_5 = J-INF(6)+2

_6=N1-N2_9 = INF(4)
_12:klO24R*1024

_14:(INF(1)*N2)/(2*INF(4))

I IFlN12.GT.INF(1)1130,1321_0 WRITE(61,t31)N12,NtO24R,INF(1)
_1024RmINF(1)/2048

I WRITE(61,1310)Ntn24R
1_2 IF(I_F(4).GT.200(I) 133,135
133 WRITE(61,134) INF(4)

STOP

m 135 _WC=O_$=L=1
IFLAG(t)zlFLAG(2)=O
GO TC(150,5021) IC

C _UFFER IN FIRST RECORD OF DATA
C

l 150 _PEimO
1_1 _UFFER IN(M,I)(InATA(1,1),IDATA(NO,1))

152 GO TC (152m160,153,15S),UNITSTF(M)
153 WRITE(61o154)

" STOP155 CALL ERRECOV(SaM.NFEt=J)
60 TC (156,_51),J

_ 73
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I

I 1E6 IDONE:IDONE lGO TC 150

C

I C FIRST RECORD INPtJT - COMM_NCF MAIN CYCLE DOURLE-RUFFFRING ANDC 51MULTANEOUS PROCESSING
C

1_0 _PE2=O

I 1_2 EUFFER IN(MaI)(II_ATA(I,2)eIUATA(N9,2))IF(NFE2,EQ,O)163,220
I_3 INDD=I

[0 200 I=OoN6jN2

I _7=N4. I

_17=_7/2

I _t8=_8/2klO=AND(NT,Z)
_11=ANn(N8_l)
_WC=MWC_I

l CALL FILLOUT200 CONTINUE
C
C rAVING PkOCESSED THE DATA IN BUFFER IDATA(1), AND HAVING PRESENTLY

I C PARTIALLY FILLED ONE HALF OF OUTPUT BUFFER |SAVE, CHEC_ CN WHETHERC THE CTHER HALF HAS BEEN BUFFEReD-OUT BUT NOT PARITY CHECKED.
C IF SC, PERFORM PAKITY CHECK AT THIS STAGE,

i C IFllFLAGlJJS).EQ.1)205,220205 CALL CHECKPAR(3aljJJS)
IF(MCHAN2.EQ.4H_nO )215e210

I 230 CALL CHECKPAR(4oP,JJS)215 IFLAG(JJS)=O
C
C CHECK PARITY OF PUFFER IN TO IDATA(2). BUFFER IN NFXT RECORD TO

I C IDATA(1) WHILST PROCESSING DATA OF InATA(2)C
2_0 GO TC (220°_70_2Pl,240),UNITSTF(M)
2_1 WRITE(61.222) IH_C°klO24R

I _0 TC 610240 CALL ERRECOV(O7_M_NPE2JJ)
GO TC (250o162)J

2_0 CALL PPE( IA£T)

I TC t_20_260)eIACT
GO

2_0 _PE2=O
EUFFER IN(Mol)(|[IATA(I_2)_IDATA(N9;2))

I GO TC 220270 IF (IREC-N1024R)_75e271.271
271 CALL CHECKPAR(3el_JJS)

IF (_CHAN2 ,EO, 4HO00 )610,_73

I 2?3 CALL CHECKPAR(4,P_JJS)_O TC 610
275 kPEI=O
2)6 EUFFER IN(M_t)(InATA(I_I)_IL_ATA(Ng_t))

IFINPEI,EO,O) 2Bn,320280 INOD=2
CO 300 I=O,N6_N2
_7=N4eI

_17=_7/2
_18=_B/2

i _19=AND(N7,1)_11._ND(NB_l)
VWCm_WC*I

i 74
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I
I CALL FILLOUT

3_0 CONTINUE
IF(IFLAG(JJS).EO.1) 305,320

I 305 CALL CHECKFAR(3el_JS)IF(MCH&N2.EU,4HO00 )315_310
310 CALL CHECKPAR(4eP,JJS}
315 IFLAG(JJS)=O

C CHECK PARITY OF HUFF_R IN TO IDATA(1), AND RETURN TO BEGINNING OF
C CYCLE TO BUFFER IN NEXT RECOQD TO IDATA(2) WHILST PQOCESSING THE
C EATA OF IDATA(1)

3_0 EO TC (320.370j2;_330)_UNITSTFlM)

330 CALL ERRECOV(O7s'4,_PEI,J)

I GO TC (340,Z76),.J340 CALL PPE( IACT)
GO TC (120_350)alkCT

310 _PFI=O

I EUFFER IN(MjII(INATALlol)JIDATA(N9.1))_0 TC 320
310 IF (IREC-NIO24R)1_Op271e271

C

I C CASE OF TWO CHANNELS REQUIRED ON DIFFERENT MULTIPLEXFR TAPESC

5021 CONTINUE

I °C CHAN_EL I DATA IS ALWAYS OUTPUT nN LU 3

C CHAN_EL 2 DATA I_ ALWAYS OUTPUT ON LU 4
C

I 510 _PF=O5_1 _UFFER IN(LUNal)(IDATA(I=_),IDATA(N9,1))
5_2 _0 TC (552,_60,t_3,554),UNITSTF(LUN)
514 CALL ERRECGV(OSplUNmNPE,J)

I GO TC (555pb51), I515 IDONE=IOON_*I
60 TC 550

560 GO TC (561,_62)eMHM

I 561 CO 564 I=O,NA,N2h7=N4el
E17=K7 / 2
_10 • AND(NT_I)

I PWC=_WC*ICALL FILLOUT 2
564 CONTINUE

l GO TC 5709562 CO 565 I=O,N6_N2
_7=N5+I
_17=_7 / 2

m klC=ANDIN?wl)_WC=_WC*I

CALL FILLOUT 2
565 CONTINUE

I _?0_ CONTINUEIF (IREC-NlO24R)571j600m600
511 CONTINUE

I _PE=O
575 EUFFER IN(LUN_I)(IDATA(Iel)_IDATA(N9el))

IF(NPE.EO.O)580esB5
5_0 IFtlFLAG(JJS).EU.1) 581_585

58! W • _MN*2CALL CHECKPAR(_I_JJS)
IFLAG(JJS_=O
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5E5 GO TC(585,SbO,60O,587),UNITSTF(LUN)
5_7 CALL ERRECOV(07,1UN,NPE,J)

_0 TC (588,575)_J

5 _ CALL PPE( IArT)_O TC (589,590),tA_T
5F9 PWC=O

IFLAG(1)=IFLAG(2)=O

I vS=lIREC=O
CO TC 550

I 5_0 _PF=O_UFFER IN(LUNal)(IP TA(lwl),IDATA(N9,1))
GO TC _85

600 I;(d_N.EO.Z)60i_08

I 601 LUN = EOR(LUNa3)CALL CHECKPAR(3pI,JJS)
IFLAG(1) = IFLAG(2) = 0
_S=1

PMM=_IDcC=O
IDONE=O

j Pwc=O
_0 TC 550

609 GO TC (601,608_, MMM
C

I C THE £EMULTIPLEXING IS COMPLETE. WITH CHANNEL 1 STORED ON LUN 3C (OUTFUT TAPE) _ND CHANNEL _ (IF" USFD) ON LUN 4
C (SCRATCH TAPE), ALL IN ZO2_-_ggD RECORDS
C

I 608 CALL CHECKPAR(4,I,JJS)610 _12 = I024-IREC
ENDF|LE 3
FNDF I'.E 4

nEWl_D 3_EWlkD 4
C

I C STATISTICS OPTION, CALLED IF RFQIJIRED FROM OPTION PARAMETER
C
C ISTAT = O, STATISTICS NOT REQUIRED
C ISTAT = I, FOUR ;TATISTICAL MOMENTS (BOTH CHANNELS) ONLY

C ISTAT = 2, DITTO. PLUS AMPLITUDE DISTRIBUTION PLOTS
C

C INCRST IS PARAMETER CONTROLLING THE SIGNAL INCREMENTS FOR THE

C AMPLITUDE(AND CRnSS AMPLITUDE)HISTOGRAMS. IT IS EXPRESSED DIRECTLY
C IN MILLIVOLTSe AND SHOULD BE NOT LESS THAN 80 MV NOR GREATER THAN
C 4095 MV
C

IF(ISTAT.GE.1)65q,015
6_0 CALL STATIST(ISTAT,INCRST)

15 fiETURN
C

C FORMAT STATEMENT_
C

!_1 FORMAT(II,36H NUMBER OF OUTPUT SAMPLES CALLED FOR,IIO,SX_IH(.13,2W
*36HRECORDS)e EXCEEDS NUMBER AVAILABLE ",YlO)

1_4 FORMATtlII,3OX,2nHWORDSIINPUT RECORD -,ISe3X,l_H- EXCEEDS 2000)
1_4 FORMAT (/// lOX 45HEND OF FILE DETECTED WHILST READING DATA TAPE)
2_2 FORNJTt///o_OX_I_HDATA ENDS ArTER, 15,3X, 8HRFCORDS . 15_3X,

118WRECORDS CALLEn FOR,It)
i I_10 FORHAT(/JI8_2X,2_HRECORDS WILL BF OUTPUT)

i END 76

t
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I

3200 _0RTRAN (_.?) t /

SURRCUYINE FlLtOltT

C SURRCUTINE SELECIS THE REQUIRED SAMPLES FROM THE BUFFE_ (USING

C _UPR. GAUL2 TO U_'PACK THE 24-NIT WORDS), HANDLING ONF SAMPLE

C PER CALL. SAMPLE_ ARE MULTIPLIED BY TWO TO CONVERT TO MILLIVOLTS

I C aRE STONED In ARRAY vSAVE.
inn

. C WM_N A I024-woRD S_CTOR OF ISAVE IF FULL, IT IS PUFFERFD OUT TO THE

C cEOUIRED TAPE U_YT

C CUTPLT LOGICAL U_'IT NUMBERS
C LL 3 - quTPuT TAPE ALWAYS FOR CHANNEL 1
C LL 4 ° SCRATCH TAPk ALWAYS FOR CHANNEL 2

COMMCN IDUMMY(28)

C

COMMCN IDATA(2OOn,2),INDD,IRFC,NI,N2,N3eN4,NS,NA,N7_NB,NQ,NIO,NII
COMMCN N12_Nt3,NI4,_tS,N16eN17.Ni8, MMM, IGJJG.KG,MCHAN2

I COMMCN I.ISAVE(ln24e2,2)wJS_JJS,_S,MWC. IFLAG(2)_IDONgIG=IEATA(NI/j!NDn)

CALL GAUL2
IF(NIO) 90.50_90

i _0 ISAVEIMWC,lmJS)=_*JG_0 TC 100
_0 ISAVE(_WC,loJS)=_*KG

100 IF(MCHAN2.EQ.4H0n0 ) 260_110

J 110 IG:ICAIAINId_INDn)CALL GAUL2
IF(_11) 150_120J150

I t20 ISAVEIMWC,2,JS)=P*JG_O TC 260
1_0 ISAVF(HWC,2_JS)=P*KG
2_0 IFtMWC,EO,1024)2_2,261

I 261 RETURNC

C TWO 1024"WORD SECTORS OF ISAVE ARE FULL, ONE FOR EACH CHANNEL.
C THESE WILL uE BUFFERED OUT WHILST THE OTHER TWO 1024-WORI) SECTORS

I C ARE EEING FILLE_ (DOUBLEoDOURLE RUFFFRING). PROVIDED IHE LASTC _UFFERING OUT OPPRATION FROM THESE LATTER Twn SECTORS HAS BEEN
C FARITY-CHECKED, IF THIS HAS NOT REEN DONEo CHECK PARITY AT THIS
C STAGE,

| 2_2 _dS=.S
.S=ECR(JSe3)

I _WC=OIF(IFLAG(JS).EQ.._)270.300

270 EUFFER OUT(3,1)(ISAVE(I,1,JJS),ISAVE(IO24pl_JJS))
IFIMCHAN2,EO,4HOnO )290e280

I 2CO _UFFER OUT(4ml)(ISAVE(I=2_JJS),ISAVE(IO24e2oJJ_))250 IFLAG(JJS)=I
IRFCslREC*_
RETURN

I 300 CALL CNECKPAR(3_I_JS)IF(MCHAN2,EO,4HOOO )310=305
305 CALL CHECKPAR(4_JS)

I 310 IFLkG(JS)=OGO TC 270
FNTRY FILLOUT_

C

T C E_rTRV FILLOUT2 FnR THE GASE OF TwO CHANNELS ON SEPARATE MUW T_PESC

IG=ICATA(N17_l)

77
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CALL GAUL2
IF(NIO) 51G_500,_10

5C0 ISAVE(MWC,IJJS)=P*JG
GO TC 520

_I0 ISaVP(MWC_I,JS)=PeKG
550 IF(MWC.EO,IO24)b_Io261

551 .JS#.S
.S=ECR(JS,3)

IF(IFLAG(JS)._O._)_h,540
5_0 LLUNI=MMM_2
5_5 EUFCER OUT(LLUNl.1)(ISAVE(1,_JJS),ISAVE(l_24eleJJS))

IFLAC(JJS)=I
IREC=IREC*I
fiETURN

_40 LLLIN]=MMM_2
CALL CHECKPAR(LLIINI.I,J5)

IFLAG(JS)=O
GO TC 535
FND

3200 FORTRAN DIAGNOSTIC _ESULTS - FOR FILLOUT

NO @RRORS

?

78
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i

I ¢UJ_Rr.jTI.:F brATIqI(I_T.INC)

C _TATI_TI_'_ _PTIU_, CALLED TF RPQI_IRE _ FROM U_TTO_ _ rA_D

C ISTAT=O, 3rATISIICS NOT _E_OIRFU
C TSTAT : I, F'}U_ qT_TISTICAL W0MEWTS ¢_OT_ CHANNELS1 _N!Y
C TSTAt = ?, UITTO, PLUS AM_LITUnE DISTRIBUTIOn, PLOTS

c INCeSt IS O_UA_E_EN CONIROLLING THE SIGNAL IqCREME_Tq FO_ THE
C aMPLITUdF(a_h C_nbS AMPLITt'UP)_ISTOG_A_S, IT IS EX_nEqSFD DIRCCTL Y

C IN MILI.IVDI_T£, A_U S_OULI) _ N_T LFSS THAN 8f) MV N_ GPEAT_R T_AN

I C 4095 HvC
C CTaTTSTICAL COMP_,TAIIONS ARE CAMRIEU OuJT 14 48-BIT FLOaTING=POINT
C

CO'4MCN ITFST,ICM_I,ICwAN2, IHALF, _DIJM_Y(24)

CO_MCN N10,(_1 _w1 2_ &13, N_ 4, N_ 5_ N_ _mNi 7mN18, L_U_MY(4)

CD'AMCN MC_A_2, I, IA(2,103)COMMCN /I)ATA/ I*T{69_M,NOCT_RFC,SS(_)

WHITr (61,4)

ro 5 KK:I_P
IA(KK,K) : O

I 9 IHALF:4OgS/|NC+IIF(I_C,LT,dO,OR,TNC,G_,4095)JO,3n
1C _RITP(6I,ll)I_C

i INC=O
3[ LUg'=3

ICH=J
3_ SII_W= SI.'MXZ : SUMX_= SIJMX4:0_0

I FUFF_R I_(I._,I} (I_IF($),IBUF(2))_SaMr:_ZP

4C _PFI=O
41 _UFFPR Ik(Lu_,l)(IRbF(1,1)_IBUF(J024,1))

I 42 CO TC (4_40,4_t44} uNITSTF(LUN)43 CTOP
44 CALL ER_C_V(09,1UN,NP_eJ)

GO TC (45_41)m,J

C I 4S hSAM_:NSaMP-_O_4
_0 TC 40

C

i C C0NSIOFR D_TA n,w_ C_ANN_L AT A TIME
C FIQST PASS " COMPUTE M_AN My SIG_'AL _D, |F AMPLITtJUF DISTRInUTION
C IS NEOUIRE_}, LOAP AHRAY |A WITH THF STATISTI(:AL FME{JUENCIES OF THE

C PILLIVOLT INGRFMFNTS INC, fOR CMANNE[

I C4 _ _PE2= 0
47 FUFFER ]N(I.UN_I)fI_UF(I_2)_IRUF(IO_4,2))

IF(N_E2,_G,O)48,_O
• _ 4e INDBLF=I

_ 50 [0 70 I:I,IOR4
XmFLCAT(IBoJF(I_|_'URUF))

- X2=X*X
W4=X3*X

S¢" XmSLIMX • X

i SUMX_=SUMX? * X_, 79

i
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SUMX3=S_I_X,f * X3
FUMX4=SLJ_,X" + X4

!F(IST,_F,2,A_DolNC,NEtU)5_sTO
51 IF(XjG',O° _) 22,53

5_ INnA=InALF*(I_UF (|eIND_UF)/INC d�Ì_0 TC 55

53 !NrIA=IHALF -(IAPS(IRUF(I,INDHUF))/IrJC)
55 !A(ICH_INDA)=IA(ICHJINDA) �7C CO_TINUE

!F(I_DnuF,F_,I)_n_6
8C ¢0 TC (80._3,99J_I)aUNITSTF(LUN)
81 CALL ENRFCnV(IO_I UNpNPP_J)

CO TC (82,47)_J
d_ kSAMP=kSAMP-102_

; _PF2=O
FUFFER IN(I_UNj3)(|HbF(I,2)pIBUF(I024_2))
GO TC PO

8_ _PEI=O84 FUFFER I_'(LuNml)tIRbF(I_I)_IRUF(IO?4,1))
IF(NFE].F_,O)dS#m6

I 89 INnBLF=2
GO TC 50

8_ CO TC (86_4b_ggs_l)alINITSTF(LUN)
87 CALL ER_EC_V(10_I UNaNPElaJ)

8E hSAMP=_SAMP-I024

_PEI=O
_UFFFR I_(LU_1)fIRbF(l_l)_IBUF(lO24,1))

l _0 TC _6C

C FIRST PASS C_MPLPTE, COMPUTE STATISTICAL MO_tENTS_ AND RFTURN r'OR
c FECO_D PASS FOR _NAKN_L 2 IF RFQUIREr,,

1 C FINS! STATISTICA_ MOMENT (SMI) = MEAN

C SECOND STATISTICAL MOMENT (SM2) = SAMPLF VARIANCE

I C TMIR[ STATISTICAl MOMENT (SM3) = SAMPLF SKFWNESS
C FOIIRTM STATISTICAL MOMENT (SM4} = SAMPL_ _UPTOSTS
C STAN_APD D_VIATIPN (SDEV) = SORT(VArIANCE)
C

I §9 FN_ • FLCAT(_J_AM p)SMI © SUMX I ENN

_F'(S_2,LF,O.O01) I00_101

I 1LO FUFV=O,OSM_=G,O

5M4=0,0
_0 TC _02

i 1C1 SDFV=S_RrlSM_SM_=(SL'HX3-_Oe_IJM%_*SUMXI;:JN_3_OeSU_'X*_UM_I_UMX/(F_N_FN_}-SUMYe
*$UNX*SUMX/(ENN*ENN))/(SUE_eSM2eENN)

I SM4=(SLJMX4-_O*_UMX_*SUMXIENN*6_OeSU_'X2*SU_X*_UMYltENN*ENN).4,_*eFUMXISUM_iSU_XiSUMX/(ENN*ENN*_NN)_SU_"X*SUM_eSUMXiSUHX/(ENN*ENN_ENN
I))/(SMP*SM2IENN)

1_2 CO_TTNUE

: I hPF1 = LIIN-2
I

IF(LLN,EO,3]tTO_75 **_**li*

T CO TC _77
•. 175 X = ICHAN2

177 WRITF (_1,171) |TEST.K
_0 2_0 K=Z,6

I 80
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I
WRITF (61,261) (IBUF(|)el=l,?O)

I 2_0 C_NTJNLtEWRIT_ (61,270) SMloSDEVoSM3_SM4eSM2eSS(NPE1)
171 FORMAT (1HOe 16X 11MTEST NUMBERe X A4t $OX !4HCH_L NUMBER.Xt.4/]
260 FORMAT (20A4)

I 2EI FOQM_T (2X _OA4)_7C FORMAT (_HOo 2X 7HM_AN • , FT._a 3X _IHSTD, nEV _ _ f@,l_ 3X
111HSWEWNFSS = j Fb,2_ 3X ItMKURTOSIS • e F@,?,_ /

_IOX 16HSIGNAL R,M,S, = e F@,3_ $5X 14HSENSIYIVITY i I r7,])IF (LUN.4)17H_17_e178

_)8 IF(MCHAN2,FO=4HODO )176_172
_72 LUN=4 ********

" ICH=2
I GO TC 31

c
C STATISTICAL MOMENTS HAVE _FEN CUM.PUTFD A_D OUTPUT FOR BOTH CHA_JNELS
C _OW FREPARF AN[} OUTPUT HISTOGRAMS OF AMPLITbDE DISTRIBUTION
O

_76 GO TC (200,201)jIST
200 GEWI_D 3

_EWI_D 4
_ETU_N

_01 IF(I_C,EO,O_2UO_?02
-_ _0_ CALL HISTOGHM(I_fNC)

IF(MCHAN2,EO_4HOOO )_00_203
_03 CALL HISTOGHM(2_INC)

_ETURN

i I_ FORMATt//.lOX_24HINCREMENT INVALID_ INC =_'IS,SX_13WNO H|STOGRAHS)
FND

3200 FORTRAN _IAGhOST|C RESULTS " FOR STATIST

I
NO ERRORS

I
[
I
I

{

81
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I
I 3200 FORTRAN (_,2) 01127/69

_U_RCUTINE SCANTAPE(ICHANlmlCHAN2eM)
P C

| C _URRCUTINE $CANTAPE SEARCHES RFOUIRED MILTIPLEXER TAPE FOR THE
C _E;|_NING OF TH_ SUBHUX GROUP FOR THAT TEST AND CHANNEL PAIR,
C ENTRY SEARCH IS USED FOR ALL SEARCHES OTHER THAN THE FIRST ON

C THAT MULTIPLEXFHC
COMHCN ITESTjlDUM(3)_MD(2)

, COMHCN ID(13)_INF(T)IISTACK_IF_LE

COMHCN JDUMMYIRI_%)EIME_SION IFILKP(2) eJDUM(2}
CALl. CONVERT(ICHANIaJCHANI)

I CALL CONVERTIlCHAN2jJCHAN2)IF(MC(M)) 69e5_69
5 WD(M)=I

IFILKP(M)=IFILE

J _PE=O10 _UFFER IN(MeO)(g_(1)eIP(11))
11 GO TC (11.14=12aI3)RUNITSTF(M)
12 WRITE(61_tI2)M

_TOP13 CALL ERRECOV(_jM.NPEjJ)
GO TC (14110)oJ

l $4 _PE,O$¢ BUFFER IN(M_I)(|NFtl)_INF(5))
t) GO TC (17_19R$2_IBIaUR_]STF(M)
_B CALL ERRECOV(2_M.NPEwJ)

l GO TC (19_16)eJIf _pE=O
_G _UFFER [N(M_O)(In(12)_ID(13)}
2_ GO TC (21.23m12e?2)IUNITSTF(M)

I _| CALL ERRECOV(3_M,NPEeJ)GO TC (23j20)_J
'' '0 TC (24.26),M

IF(l_(12),EQ,4HMUX_)27_25

STOP

|_ .IF(IC(12).EQ.4WM_'X_)27,25

I 27 _PE=O
SUFFER IN(M_t)(INFt6)=INF(7))

=! 60 TC (28_12=29_2),UNITSTF(M)
2; FurFSR IN(M_I)(INFI6)_INF(?))

I ]0 eC TC (30_32_12_l)_UNITSTF(M)3_ CALL ERRECOV(4eM.NPE,J)

32 IF(ITEST,EQ,ID(11))40_33

I 33 WRITE(61,t33)ID(11_STOP
¢
g CHECW WHETHER TEETS aRE STACwEB OR NONelIACKEO ON T_P[

I _ ISTACK • 1, NON-;TACWEDISTACK • _, STAC_O
¢

° 40 GO TC (41,60),15tAC_
: C

C CASE Or NON-$TACXtO JO_l
¢

4_ IrIjCHANt,QE_|N$It),ANO,JCWAN_,_E,|Nr(?))4_:44
4| IF(JCHAN?,_EeINF(II,ANO,JCw_N_,LI,Ik/(t)|tI,4_
4_ IFIJCHAN2,_ieO)41,4_

_2
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44 CALL SKIPEnF(M)
_PEzn

49 PUFFER !N(M.1)_I_F{6),INF(7)}
4e GO TC (46e41_47n48)IUNITSTF(M)

47 WRITE(61,147)
FTnP

4E CALL ERRECOV(4oM.NPE.J)
GO TC (41m4_)eJ

PETU_N WHE_ TAPE IS RUN ON TO THF RE,INKING OF THE R_IJ!RED CDOUP

49 _ETURN

CACE OF STACKED ,JOBS

60 IFtIFILE.E_II}6b.61
b% IFILFI=IFILE-I

FO 6_ I=IIIFILEI
BUFFER IN(Mel) (TNF(6)mINF(7))
CALL SKIPEnF(M)

61 CONTINUE
_PF=O

6J PUFFER IN(Mel)(INF(6),INF(7))

64 _0 TC (64_66_%2o_)elJNITSTF(M)

6_ CALL ERR_CDV(4_M.NP_,J)
GO T£ (6_c31,J

6_ IF(JCHAN_.G_,XNFf6),AND,JCHANI.L_.INF(T)}6Te47

67 IF(JCHA_2.Gb,INF(6|,AND,JCHANg. LE.INF(7)|49e68
_e IF(JCHA_2.FQ_O)4Qe47

ENTRY _EARCH

ENTRY SEARCH - FnR SEARCHES OTHER THAN THE FIRST ONE ON THAT MUX TAP@

d9 GO TC (200_250)_TSTACK

CASE OF NON-STACKED JOBS
FIRST CHFCK IF THE REOUIRED CHANNELS ARE IN THF S_E 8UBMUW GROUP AS
THAT LAST PROCESSED

'200 IF(JCHA_I.GE_|NF(6)eANDeJCHAN%.LE.INF(7))201o20_
.201 IF(JCHAN2.GE,INF(6)_AND.JCHAN2.LE.INF(7))2060,20_
202 IF(JCHAN2.EO,O)2060_20_
203 IF(JCHAN1,LT,IN_C6),AND,JCHAN2,LT,INF(6))212=204
204 IF(JCHAN1.GT=INF(7),AND,JCHAN2.GT.INF(7))207o205

aO5 IF(JCHANt. GT,INFf7I,AND,JCHAN2.EO,O)20?_20_
3_6 WRITE(61_1206)

SToP
_060 CALL BACKSK|P(M)

_UrFER IN(M_I)(J_UH(%)_JDUM(2)}

@062 ;0 TC (2062_49_I_49)_UNITSTF(M)

REOUIRED GROUP IS FURTHER ALONG THE TA°E

_07 CALL SKIPEOF(_)
kPE=O

208 EUFFER |N(M_I)(INF(6),INF(7))
209 CO TC (209_41_47,210)_UNITSTF(M)

210 CALL ERRECOV(4_M.NPE_J)

60 TC (41,208)=J 83

1
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I

CC _EOUIRED GROUP |F _ACK ALONG Time TAPE
C

_1_ CALL BACKSKIP(H)

I 2120 C4LL 9_CKSKIP(M)kPE=O

213 FUrFE_ IN(Hal)KINFI6).INF(7))
214 GO TC (214,216_l)e215),UNITSTF(M)

I 215 CALL ERRECOV(4oM,NPE,J)GO TC (216,2).3)o-J
216 IF(jCHANI,GE,|NF(b),AND,JCWAN1.LE,INF(7))217,2120

I 217 IF(JCHAN2,_E,INF¢6),AND,.JC_AN2,LE,INFl?l149w218
I 218 IF(jCMAN2,EU,O)49e20_

C
C CASE OF STACKED .JOBS

l _50 vF(IFILE = IFILKP(M)) 261_2500,255
C

C
C REQUIRED FILE Ib TNE ONb PROCESSED LAST TIME

2_00 CALL BACKSKIPIM)
BUFFER IN (M,1)(.)DUM(1)JJOUM(2))

250_ GO TC (250%.66,Z_.66).UNITSTF(N)! °
C REOUIRED FILE 15 BACK ALONG TM_ TAPE
C

2_1 IFILLC_J,_IFILKPIMI'IrILE.I_p. 252 l=l,lrlLbl
C_LL BACKSKIP(M)

2_2 CONTINUE

J _PE=OIFILWR(MI=IFILE
_0 TC 63

C

I { REDUIREO FILE IS F JRTHEH ALONG fWE TAPEC
2_5 IFILE_mlFILE-IFII.KP(M)

I [0 2_6 1 • 1.1FliErBUFFER IN(M.I) (tNr(6).INF(7))
CALL SKIPEOF(M)

2_6 CONTINUE

I |FILWPIM)=IFILE_PE=O
60 TC 63

.'3 FORMAT(///,10Xe31MMISPLACED FOF ON INPUT TAPE LUN, 19)

m . FO_MATtlII.ZOX_26HWRONG TAPE. ID(12) READ AS.4X.A4)$_3 FORMJTt///.lOX.26HWRONG TAPE. Ig(11) READ AS.4X.A4)
1

147 FORMAT(IllelOXe4SHCHANN_L5 NOT PRESENT OR INCORRECTLY SPECIFIED)
_20d FORMAT(II/.$OX,43HSOMETHING WRONG WITH CHANNEL SPECIFICATIONS)

I _ND

3200 FORTRAN DTAGNOSTIC RESULTS - FOR SCANIAPE

NO ERRORS

i

84
'i
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3E00 FORTRAN (2,2] / /

SURRCUTINE ERREC/)V(LABELmLUN,NPE,J]
COHHCN IDUHHY(4OPB)tlREC
_PE:kPE*t
IFtNFE,LE.5)IO,2n

1_ EACKSP&CE LUN
.=2

fiETURN
2G .=1

_RITE(61.21)

60 TC (30,32_34_36,38,40.42,44,46,48),LABEL30 _RITF(bl,31)LUN
RETURN

3_ kRITE(61e33)LUN
RETURN

34 kR_TE(61e35)LUN
RETURN

36 kRITE(61s_7ILUN
RETURN

38 kRITE(61,39)LUN
RETURN

40 _RtTE16t,41)LUNRETURN
42 _RITE(61_43)IREC,LUh

RETURN

44 VRITE161.45)LUNRETURN
4E kRITE(61_47)LUN

REIURN
48 kR|TE(61.49)LUN

RETURN
21 FORHJT(I/_lOXm32HPERS;STENT PARITY ERROR ***o**)
3_ FORN*T(lOX,36HBUFFERING-IN ZST TITLE RECORn ON LUN,|_.I/) L_BEL 1
33 FORNATftOX.36HBUFFERING-IN 2ND TITLE RECORD ON LUN, ISo//) LABEL 2
35 FORNAT(LOX_36HBUFFER]NG-|N 3RD TITLE RECORO ON LUN_ISe//) LABEL 3
3_ FORNATtlOXR37HBUTFERING-IN CHANNEL |D RECORD ON LUNeIS,//) LABEL 4

39 FORNAT(lOXm36HBUFFERING-IN FIRST DATA RECORD ON LURI_3X,7HRESTARTLABEL 5
1)

41 FORHJT(lOx.19HBUVFERING'OUT ON LU_IS,SXw14HS_ !PS]X CALLED) LABEL 6
43 FORNPT(10X,38NBUFFERING°INe MAIN CYCLE, ]NPUJ RECORD,[SoSXe2HLU_ LABEL 7

lf5_
45 FORHAT(10X,30HBUFFERINGoOUT TITLF ID ONTO LU,[S) LABEL 8
47 FORN4T(tOx,49HBUFFERING-IN 1ST RECORD IST PASS STATISTICS ON LU. LABEL 9

115)
49 FORNJT(lOXe49NBUFFERING-IN MAIN CYCLE 2ST, PASS STATISTICS ON LU, LABEL 10

115)
ENn

3200 FORTRAN DIAGNOSTIC RESULTS - FOR ERRECOV

ERRORS

85
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3200 FORTnAN (?o2) / /

SURRCUT]N_ CHECKPAR(LUN, ISI,]S2)
C
C 5UHRCUflNE CHECK_ PARITY OF LAST BUFFER-OUT nPER_TION ON LOGICAL
C LNIT LUN OF THE tHRAY ISIVE(1-10?4,]SI,IS2)
C

I COMMCN IDUMMY(40541COWMCN ISAVE(1024,2,2)
_PF,O

1C GO TC (lO,17,11.12)oUNITSTF(LU N)

I 11 STOP li12 CALL ERRECOV(C611UN_NPE_J)
_0 TC (14,1_),J

1_ _UFFER OUT(LUN,1)(ISAVE(1,1SI.IS_),ISAVE(1024.ISI.IS2|)

I GO TC i014 CALL SK]PSIX(LUN)
_PE=O

I _0 TC 1317 RETURN
END

i 3200 FORTHAN DIAGNOSTIC RESULTS - FOR CNECKPAR

i NO ERRORS

1
!
!
I
!
[
[
_s

86
I"
1
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3_00 FORTRAN (_,2) / /

_UBRCUTINE PPE( IACT)
C

{ C THIS SUBROUTINE HANDLES THE CASE O; A PERSISTENT PARIf_ FRROK WHILST
l

C FUFFERING IN FROM THE MUX TAPE. THE NUMBER OF RECORD_ SO FAR PROCESSED
C IS IREC, AND [DUNE RECORDS HAVF PREVIOUSLY BFEN ABANDONNED, NIO IS THE

C TOTAL NUMBER OF RECORDS AVIILABLF ON THE INPUT TAPEe AND N14 IS THEC _UHBER OF RECOR_ wHICH NEED PROCESSING. THE SUBROUTINE RETURNS

C IACT:I IF THERE IS ENOUGH DATA TO RESTART ANn IACT=2 IF THERE IS NOT,
C

I COMHCN IDU_HYI4OPg)COMMC_ IREC,NI,NP,N3,N4,NSoN6,N7,NBeN9,NlO,Nl%,NJ2mN13.NJ4.NIS,N%6
COMMCN N17nNIBRN19,N20.JDUMHY(4)mMCHAN2
COMMCN KDUMMY(4103)

I COMMCN [DONE£IME_$10N IOUM(6)

[F((kI4-1DONE°IR_C),GT,N%3)20,30

I 20 WRITE(61,21)
REWIND 3
6UFFEN IN(3_l) (rOUMMYt2089),IDUMMY(2095))

IFtMCHAN2.Eg.4HO00.0R.NCHAN2.EO.1) 23,221

2_$ REWIND 4EUFFER IN(4#1) (IOUMMY(2089),InUMMY(2095))
2_ IACT=I

IOONE=IOONE*IREC

I IREC=ORETURN
30 WRITE(61.31)

IREC_IREC-1

I IACT=2RETURN

21 FORMAT(/IjIUX_39kPPE CALLEDa ENOUGH DATA L_FT TO RESTART)

31 FORMATt//_lOX.66HPPE CALLED_ INSUFFICIENT DATA TO RESTARTe OMIT RE1CORD AND CONTiNUe)
END

I 3200 FORTR&N DIAGhOSTIC RESULTS - FOR PPE

NO ERRORS

!
I
!
I
!

87

.
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Listing of Low PassFiltering Routines
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l 3200 FORTRAN (2,?) I /

SUSRCUTINE LPFILT(LUN)

I C Ill
C THIS ROUTINE CAR_IES OUT LOW PASS DIGITAL FILTERING WITH CUT-OFF FREOUFNC¥
C I/2 THE MAXIMUM FREQUENCY CONTAINED IN THE DATA, INPUT D_Ti IS STORED ON

C LOGICAL UNIT LUN AND IS OVERWRITTEN BY THE FILTERED nATA ON EXITo WHICH IS

i C CALCLLATED FOR EVERY 2 ITH POINT OF THE INPUT DATA,C I_Q

COMMCN IDUM(2088),N(6},IOATA(2000o2),NTeN8,Ng,N10RNII,NIPe

lk13,k14.NDSH(7),I.ISAVE(lO24)mT1

I COHHCN /DATA/ IwT(6)C QtQ

C ENTRY POINT FOR KALCULATION OF FILTER WEIGHTS,
C ere

i = SORT(6.2831R53)
?2
IW?(6) • IFIX(2.O**23/T2)
tO 10 I•1,5

Tl=FL0kT(11-2*I)
T1 : (1,0*COS(Tl*O.3141_9265))/(TI*T2)

10 IWT(1)=IFIXITI*2.0**22)
IWT(2)=-IWT(2)

I IWT(ll=-IWT(4)_ETU_N
{ Iti

THIS ENTRY POINT CARRIES OUT THE FILTERING PROCE_S FOR AN EVEN NUMBE R nF

_ RECQRDS OF 1024 P4 BIT INTEGERS HELD ON LOGICAL UNIT LUN.lee

ENTRY CUTOFF

i _EWI_D 51
REWIND LUN
BUFPER IN(LIJ_,I)(N(1},N(&)]
tO 20 I=1.9

20 IDATa(I,I)=OBUFFER IN(LUNel}(IDATA(ZI_l),IDATA(ZO34a!))
_12=0

1_0 BUFFER IN(LUN,1)(IDATA(ll.E).IDATA(1034,2))

I CALL LOOP(laSO7ln)£0 30 1=!.10
30 IDATJ(I,2)=IDATA(I+1024,I)

I 40 GO TC (40,50,60,70)UNITSTF(LUN)60 _2zl
50 £0 80 lul,lO

I 80 IDATAlI*lO34.1):TDATA(I*$Oe21
CALL LOOP(508p51_.O)
IF(NIEt350,90.35n

90 BUFFER IN(LUNel)(IDATA(Zl_X).lDA?A(1034,l))
?" 3_0 CALL LOOP(513,1019,1)

_. C0 100 1=1,10
100 IDATJ(I_I)_IDATA(I*1024o2)
_" _8=2

lEO 60 TC t120,130_$40,70]UNITSTF(LUN)
140 _12 = i

., 1_0 CO 110 I=1*10
110 IDATA(I*1034e2)=IDATA(I,1)

CALL LOOP(1020.ln24R1)
1_0 BUFFE_ OUT(51el)(ISAVE($)olSAVE(I024))
1_0 GO TC tlSO,3_O.3_O,210)UNITSTF(51)
210 CALL _RROUT(5I_IRAVE(1))

60 TC 190
3_0 IFtN12t170.160_170

88
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I

i i)0 ENnFILE 51
_EwI_D 51
_EWI_D LUN

I FUFFER IN(bI,1)(IDATA(I,I_IDATA(I_24,11)FUFFER IN(LU_,I_(N(1)°N_6))

2_0 FUFFER IN(51,1)(IBATa(I._),II)ATA(In24,2))
cUFFFR OUT(LUN°I)(I_ATA(I°I),I_ATA(I024°I))

I 240 GO TC (240,270,Z.RO,2RO)UNITSTF(51)270 GO TC (270.300,_:'O,2QO)UNITSTF(LtJN)

2_0 CALl. ERRNUT(LUNolDATA(I,I))
3C0 PUFFER IN(51.1)(IDATA(I,I),IDATA(I024,1))

I FUFFFR OUT(LUN,1) (IDATA(I_2),IDATA(!024,2})
3]0 _0 TC (310_330,2xO,2RO)UNITSTF(51)

5_0 GO TC (330,_20°_PO,340)UNITSTF(LbN}
* 340 CAIL EQROUF(LUNelDATA(Ie2))

_0 TC 220
2_0 FNDFILE LU_

_ETU_N
2EO LU_ : 51
7C WRITE(61°910)LUN

910 FORMAT (1NO, 5X 34HPARIIY ERROR ON INPUT LOGICAL UNIT, 15, I 6X
.. I 53HwRITTEN ERROW FRFF CLEAN TAPE HFADS AND RPSTAPr JnB.)

_TOP
FNn

i J200 FORTWAN BIAGNOSTIC R_SULTS - FOR LPFILT

T

I

I

I

r 89{
|

1970003212-100



i
A

m 3200 fORTrAN (_.?) / /

SURRCUTINE LOOP(I,K=J)

C THIS ROUTINE CARPlES OUT SUMMATIONS ANn MULT]PLICkTIONS FOR EACH FILTERED
C POIN?
C tti

COHMCN lDUM(2088),N(6),lDATA(2000,_).N7jNSoNgeNlO_N11.N12.
l_13,_14aNDSHtT)pM, tSAVE(lO24).T1

_0 10 NCT=IoK
_7=NCT_NC?-lO24*J+lO
_9=J'1
_0 20 KCT:I,5
_lO=11"2*KCT
_lt=_?*NIO
_10=_7°N10

20 _(KCT)=IDATAtNlO,_9)+IDATA(Nlt,Ng)
k(6)=IDATA(N7.N9)
CALL PRODSUH
ISAVE(NCT)sN7

10 CONTTNUE
RETURN
ENn

3200 fORTRAN _YAGNOSTI_ RE5ULTS o FOR L30P

9O

i

!
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I 3200 FORTRAN (2,2) / /

SURRCUTINE ERROUI(LUN, IOHUF)

I CIME_SION IORUF(I024)4C CO 1P 1:1,5
FACKSPACE LUN
FUFFER OUT(LUN,1)(IORUF(1)oIOBUF(1024))

i 2C GO TC (20,30_30_IO)bNIT$TF(LUN)IO CONTINUE

CALL ERRECOV(6,LttN,K,I)
CALL SKIPSIX(LUN)

BUFFER OUT(LUN,I)(IO_UF(1),IOBt,_(I_24))5_ GO TC (50,30j3Om40)IJNITSTF(LUN)
3C _ETU_N

i FND
3200 FORTRAN UIAGNOSTIC RESULTS FOR ERROItT

!
I NO ERRORS

I

I

I

I

I

I
I

I

I

9!
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I 3_nO fOrTRAN (2,2) / /

FROGRAM MNP_UAF

C ,o************** PROGRA_ NOI _CP/68_20 *************************
C THIS PROGRA_ ZS THE MAIN _ONTR_L PROGRAM FOR PROCESSING RANDOM DATA

m c JCOUIRFD ON TNE A/n HYSTEH GONNECTEU TO THF CDC 3_00 CONPUTERt THEC POST USUAL PROCEHSrhG IS YHE CAL_ULAT|ON Or PO_ER SPFCTRAL DENSITY
C FOR kH#CH SEVerAl SETS UF fiUPROUTINbS ARE AVJ_LARLE_ VARIOUS OTHER
C FROCESS|NG TECHNtOUES ARE POSSIBLE_

I COM_CN ITESToICHIkl,ICHAN2, IHALF,ND(2),|D[13)mlNF(7),I_TAGKjlFILEm
C QeQ

IkCnU_T_KOCT_FU_FI oDF,TEMPIjTFMP2jIDATAt_OE4)jJDATA(ZO241,NtE)m
2REAL(lOE4)m_UAD(qO24),AK_b13]eRKt513_I*K*L*J

I COMMCN /D_TAI IWT(6),N.NOCT,_RFC.SeNPT_mMPT$.HBARmP$_(513)e1FRO(I13),F1oF2mNnECS,IPRINT.ISCALE
FQIJ]VALENCE (SRATE,h(4))
CALL LPFILT(NlO24R)

I 10 _Dtl)aNDd2_=OGElleD 1
REWIND 2

I READ(6Om9OO)ITEST_ISTACK_IFILE, ISTAT_M,NREC_NOCT.FI_F_NDECSmZIPRIhT,ITH_
ISTACK • ISTACKel
CALL SETUP

I !F(H-10111_11_121_ _R_TEi61a13_
13 FORH_T (1HOe 104 I?HM GREAYER YH_N 10)

_TOP

I 1_ IFCFl-T2)lA.1_ml_1_ kRIT_(_l_16)FIeFP
16 FORH_T (1HO_ IOX 4HF_ mm E1Stg, PX I_HONEATER THAN F?_ EI_:_)

I _TOP
14 IF_NCECS=lO)17_l_.18
le kRITE(61_19)

19 FORH_T (1HOe tOX 39HMORE THAN tO PLOT DECAOES SPFC|FIED )

STOP17 CALL COSTAHLE(N)
CALL FFT42M(M_mI_REAL(_)_OUAD(1)_)
ID(ll)_|TEST

ITHDmlTHD, __I024Rm2*e(_GCT-_)ehRE_
_I024S,NlO24R

2P READt60e910)ICHANl_|CHANE_S_SS, ISC_LF

J ISCALE • ISCALE*IIF(|CHANt,E_e4_E_U )1_0_30
30 _F(|CHAN1,EQ,4HNFWT)IO_40

I 40 CALL DENUX(N!O_ARei_TAT_O)
|I2**(_I_M)eNREG
IF(NlO24RvN1024S)50_O_O

50 WvNIO24R

" i ,ml
,=J*!
IFt_-NREC)aO_80_O

I uO _OCtnJXI_Ot(_oM)eK

_RITE(61,eEO|K,I,J

_ J _0 TC eO_" -- 60 kRIt_(i_,930)l
90 CALL PS_CNTLF

110

e
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I
_RITF (61j9b_) N_CT_SR_T_ -kRITE (61,940)
GO T£ (IO0_ZIO)|TND

I_0 CALL ONECYC

I GO TC 20110 CALL THOOCT
CALL OCTOV3

i GO TC 20I_0 FTOP
900 GO,HIT (A4, 2|2o 4#4, _ViOmOm 3|4)
910 FORMAT (2A4m 2Flfl,Oe X2)

9_0 FOnMJT (1HP_ IOX IS, 4?HIIEGHFES _F FRE_DON |N LOwEP RAND AND iSTOC1TARE o / lOX |5e 26_DEGHEES nF FREEDOM IN NEXT, l_j X P3HOCTAVES k
2_D UPPER BANIJt)

9ZO fORMaT (1NO, [OX lSeXXgHPEGH_ES OF FREFDOH_)

940 FORMAT (1NOt 80(IH*))9S0 FORMJT (11X 27NNUMHER OF FREOUFNCY _ANffS m el3, t 11X
$ 44NJNALYS]S BANnWIDTN IN UPPER FHFQUENCY RAND • , F_ele _X _NNZ )

fND32q0 FORTHAN DTAQ_OST[C RESULTS - FOR NNPSDAF

I
!
I
I
!
I
I

I
III
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I

C tIQ6

C Tr_l% _'_aTI'_E (;N_THnL£ FDik f:AI(:IJLATItJ'_, QF F TLT_n DATA A"_D POWFR RPE('TRM1C Ir_,_ITY, APla_dP,_TAT_ UL:,AVf- _A_'GF5 ,,_ .%TU_iin r;_ APHAY£ P,S[1 AND FHO,
C @11_

I cO_.,_r,,: |lf-(_To JC,,,:,al_ IC_a_'_o IrHjM(_b),_dnU_JT_Kr_CT_FU_FL_I_F_TEHP1,
1Tr,P>_ I uA T ',_ I.v_4 '_, .JIJATA (1024 ) , k.( _ ) , _I. AL (1UP4 ) _r_uAIJt l f)24 ) _ AK (513 ) _

IFNn(_._.".),F!,F/., _EC'i, IP_IrwT_ ISPAI r.

PHAR"_I F}I,_IPT£

1 WOrT=0
CALL PKlll:F I"

t rU=_ A _E/2, {,
rr=_,u

10 I_'(,)r-Fd)_q, _0 ,.}_'
20 FF =ur._ir

- ro fr 13
Jt FU_L)rI2,h

Cr}U_ T:hl ._
r{} 4{_ l=_,_,z,i

4_. F_tr'JI I ) I 3 e('1
¢ • 4,0*_;,_

rF • _RATL-/_,U**W(J_.T
TE'_1 _ 5_;I_'t'LuAT(IO;_4*KHPC)

I'F = IJI:',2,"IFI.I_AT(NF'T_)

I'_)h,_ lIP."_T_

;Ll_Iri I;_,()

1F (KCi:T:._'UC'T)e$1I_)U_1/1

7_ _L'O,O
@C ro 1_0 lu_,MPr '_

s Lil;F'(H,((J)-l'l } I IU_ _),_rl
9(; 1F ( NC{II_ _T-51,_) I _':, I J_ _ 1_

1_0 |1[:( r., ( J)*V-_@ (NCU'_NT*I) ) 1,_U, I nO, lflO

I_Ct)LI _,TasNF¢},_,NT-I

r _,lJO C(J_'T l NUl=

_,10 ro,FL

1_0 f F {4{'CToN_JCT II?U. 1_0, t Af'

I t)O CXl_ curnrrl._)
r_L_.psl_rrT

9co _[U_,4IT tt_M:',twv _9_TOO NI_,Y Pr_lht_ l_ P_U NaklQE,)
leo _ktun,_

]i_PO rn_T_il_ utA,,,_bVlC WkSULT._ • Ir_j_ I;bl_C_NTtt

112
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I

I 3_00 FORTRAN (_t?) 12123/6B

I _UH_CUTINE PSUFFT_tQ

C Y_I5 SU_ROtJTINE CALCULATES POWEH SPECTRAL nENSITY FOR A GIVEN SET OF PATA
C EY FCURIER ANALYSIS I THE DATA |S ON LOGICAL UNIT 3 AND THE SUNS OF

'1 C SUUA_ED AND HANNF_ FOURIER COEFFICIENTS ARE RETURNED |N COMMONARRAY AK,
I C itQ

COMMON |TESTeICMAN1RICHAN2e|DUM(25)oNCOUNToKOCT_FU_ELenFoTEMPl,
_TEMP_|OATA|iO?4)oJOATAL%O24}tN_)mHEAL($O24}o_UAD|$n_4)pAK(5_$)R

_EK(513),I,KoL_KHgCjKRAR_JCOMMCN /DATA/ I_?(6),_,NOGTeNRFC,SeNPTSeMPTSeMBAReP_D(_13)e
1FHQ(513)IFl,F_oNDbC$oIPHINToISCALE

_EwI_D 3BUFFER IN(3,%)(_Wtl)_N(a))
IF (_OCT-NOCT*l)_,15,15

5 BUFFER |N(3el)(|I_ATA(1)eIUATA(],O))

19 WRECeK.Ls__O _O_lsl,_PT$
$0 AK(|IsHKf_)s010
_ EUFFFR |N_'3el)(I_ATA(I)eIDATA(_O_4))

30 GO TC (3'O_40,_O,60IUNITSTF(3)_0 CALL ERHECOVtZ_,Ke|)

_eO wRITE(59_goo)

I 900 FORMat (SX _6HPARITY ERHOH READIN3 _OBIGAL UNIT 3 el _1S_HAFTEH ERH_R F_ET WR|TE o CLEAN TAPE MEAD AND REPEAT JUDe 11)
STOP

40 IF(N_TS_IO24)BO,90,90

l 80 WRE_KREC*I
BUFFER |N(3_1)fJ_ATA(I)eJDATA(I024))
_0 $00 Jzl,MBAR

_BARs2*ld-l)_0 1_: |sl*_PTS
KsKBIR*N_TS*|
L_K*_PTS

I ;EALtIlsFLOAT(IUATk(K))110 {UADII)s_LOATiIUATAIL))
CAL_ rrt
CAL_ AK_K

I 100 CONTINUEWsO
IF (_REC._REC)I_O,_O,50

1_ O0 TC tl_O,Z30_O,140)U_ITSTF(33

I 140 CAL_ ERREC_Vt?_,K,|)

2_0 _UFFBR IN(_,|)(JnATA(I),JDATA(IO_4:)

I 60 tC 1_oi_0 BurF_R IN(3,_I(IDATA(I),IOATA(IO_4))
aR_=_KREG*_
_0 ;SO Js_,N_tR

NIARo_¶lJel)CO _O0'JsleNPtS
X|K§AR*NPT$*!
_IK*EPT_
IEA_II)mFLOAT(JDATA(W))

_00 ¢UAD¢I)eF_OAT(_UAtA(L))
CAL_ rrt
¢AL_ AXBW

1sO CONTINUE

113
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I
I

90 _UF_ER IN(3ml)(gT_ATA(1)eJDATA(I024))
KHEC=_REC äI CO 2_0 1=1.10_4

210 REALKI)mrL(;AT(IUkTA(I))
K=O

2;0 GO TC (220,_30,_30,240)UNlTSTF(3)

' 240 CALL ERRECOVtTe4,K,|)IF {!-1)280_2608780
2eo _UFFER ]N(3#1)(Jr)ATA(1)eJDA_(1024))

GO TC 220

i _30 EUrFER IN(3el){lnATA(1)RIDATA(_ 24))_0 2_0 1,1_024
2_0 CUAD(IIuFLOAT(JU*TA([))

CALL FFT
| CALL AKBK¢ e 0

IFfKREC*NRE_)30_50=50

i |0 RETURNEN_

3200 FORTRAN Uf_GkOST|C RESULTS - fOR P_DFFT
i

UO ERRORS

[
!

I

_" I: 114 .
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I
I ,3_ [ILI I-'ORi'PAN (_,_; 02../111169

cij_,._t'tlT]r'*_-A_IiI",

Qt_

I _. THIS f_I)_.ITI'_t;_¢_R_S TN_ _Ut4._ 0_" SP.UAHF[) AND HANNEn FO'JRTE p ('OFFFICTENTSC ].,d CC.HMQ_J ,4RQ_V 6_
C QQ_

r OMMC,,j I T[ ';_T,j'C_^,_I, TCN_N2, IPUM _37 ) _ y_^T A (_.OP4 ), JDAT a ( I 074 } ,k*lB),
I_AL ( ! 024 ) , _lJ_,9 ( 4 024 ) , AM,(b_.3) , I_K (51.3) _ I , K, L _ w'RF.C, KI'IAI_, Jm CK (5_ 3 ),
2rK(_13),_,_,C,D

Cl3MI1CrJ /rlATA/ ].T_6),Mp.,JOCT,NRFC_S,IvPTS,MPTS,MRA_mPSn(513_j

i lrR,q(5_3), r_ ,r_, _,'_EC_, |P,_INT, ISCAI. E
ro io I=2,'_PT$

_=x=I

t" ,_ ,' I ) =PE_'L( | )*Pt:_L (_J)rK( 1)=qU_U( I )-Qu_D(_)
=[-AL( [)=r_F. AL(J)'_EAL(])

IG CL_A_]( I ) =QUAU ( _ )*nlJAl; (J _

i £_ (1) =r_K( ! )=REaL(_.) =QUAil(1) =_. t)W=MpTS-z

Ash, _, *(C.K(MPTS;-CK{K})

- _=[1,_ *(rlKIMPT_I,,DK tK} )
£=0,5 * {REAL (MPrq]-HFALtK) )
rzQ, _. *(QtJAD(HPT¢;_-(jtJA_t_'))

A K( f,ll: T_ ) = AK ( MPT_ _*A* A*R*R'**C =_* \�ˆ÷d	h¬�x�ro2n I=_,<

| L=I*I
.=I-_

A:CK(1)-t_.SI(CK(.J)*CK_L; )

i FzI)K( I)'O.5*(IJW(,J)'I'_K(L_ )C=REaL ( I );0,5,,(R_L. (J)*RF-AL (L) )
rm:_uai)(i):0.5, (fal;aD(J) L; )

I _ETU_NFN n

I 32_10 I-O._TNAN DT_e,I_,nSTIC RE,_ULT._ - FOP. _,KRK

MO ERRORS

|

,I
(

115
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I

_URREUTZNE TwDOCT
Qe_

C THIS ROUTINE CONVERTS I CYCLE RAND PSD ANALYSIS TO ONE-TWIRD OCTAVE RAND
C ANALYSIS STARTINf; AT A SPECIFIED CENTER FREQUENCY, RFSIILT$ &RE RETURNED 'N
C COMMCN ARRAY_ PS_ AND FHQ,
C ***

COMMCN ITEST,IC_ANI.ICHAN2,1DUM(?5),NCOUNT.KOCT,FU,FL_F,TEMPI,
ITEMP_.IDATA(IO_4),JBATA(IO_4).N(6);RFAL(13_4}eOUkD(IO24)jAK(_$3)e
2BK(513),I.K.L,JR_'N
COMMCN /DATA/ IwT(6]jM,NOCT,NRFCRSjNPTSeMPTS.HBARjP_D(_$3)e

1FRO(5_3),FI_F2_NnECS,IPRINT,ISCALE
_UP = 513
EO 10 I=I,MUP
IF(FRQ(1))2OjIO,_O

10 CONTINUE
KETURN

20 EFsFRQ(I*I)=FRO(Y)

_RT • SQRT(21O)
FL = 31,5/SRT
TEWP_=2.0**(I,G/_.O)
TEWP_=TEMP_tT_MPP
_EL$=TEMPl'I,_
_EL@=TEMPl*DEL1
CEL3=2,0*(I,O'%,_/TEMPl)

30 IF(FL*D_LI-DF)40,7GjTO
40 IF(FL*DEL2-DF)50,_O,80
50 IF(FteDEL3-OF)60.90_90
60 FL=FL+FL

60 TC 30
70 ;L=FL*TEMp2

60 TC 100
eo rL = FL*SRT

_0 TC 100
;0 FL • FL*3_,O**(l_O/6,0_

]09 _COU_T•O

• 110 CELI•FL/TEWP2
rEL2=FL*TEMP2
_0 1_0 K•J,MUP

' IFIDELl.FRQ(K))130.130.120
1_0 CONTINUE

;ETURN
: 130 rO 1_0 J=K,MUP

IFIDEL_=FRO(J))l_O,160,150
1_0 CONTINUE

v • WUB
_EL_=FR_IMUP)

( 1_0 _r=FROIK}.rRO(W-_)
TE;_P4=PSD(K-1;*(_ELleFR_(K-I))*(PSD(K)-PSDtK.I_I/Dr

_. rEL3=(FRQ(K)-O_L_)*(T_MP4*PSD(_))/_,O
TEMP4mpSD(J=t)*(_EL_.FRQ(J-%)_*(PSD(J)-PSDtJ-t)_/_RO(J)-F_O(J-t))

i: _EL3,DEL3,(DEL_.rRQ(j.I)),(TFMv_pSD_j.1)_I2,_
IF(J.K-t)180,180.170

170 L'J'_
_0 190 NNeK,'.

1;0 CEL3 = OEL3*(FRQfNN*I)-FRO(NN))*IPSDINNel)*P_D(NN)_/_,O
110 kCOU_TmNCOUNT*t '_

JK(NCOUNT) • FL
_K(NCOUNT)=OEL3/I_EL2=DEL1)
rL=FLeTEMPl

'1;6 :'
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I
i TF(OEL2-F_(_UP))110.200;200

200 |F (FRO(HUP)oA_(_COUqT))21b,220,?20
210 _COU_T • NCOU_T-_

T 2_D ;EtUnNENn

3200 FORTRkN DtAGhOST|C RESULTS - FOR ?HnOCT

_n ERRORS

•[i

,g
i
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I 3300 FORTRAN (?=?) / /
SURRCUTI_E PLOTP_VF

C Qtt

I C I_I$ ROUTINE PLUT5 PSD AGAINST FREQUFNCY ON LOGARITMM|C _XES, ENTRYC C_ECVC FOR RSO PlOT AND ENTRY OCtOV3 FOR 113 OCTAVE PLnTSt ENTRY SETUP
C FOR INITIAL|ZIN6 THE FREOUENCY SCALE CALCULATION,
C Q_Q

I COMMCN ITE_T,|C_ANleICHAN2eIOUM125)eNCOUNTeKOCTmFUeFLwPFjTEMPI,tTEMP2_IDATA(lO24)RJDATA(lO24)wN(6)jH_AL(lO24)eOUADtZ_24),AK(St3)e
2EK(513)eI,K,LeJeNN

_U|_ALE_CE(ZSC_iEm_EAL{¢))COMMCN /DATA/ IWt(6).H.NOCT.NRFC.SeNPTS=MPT$,MRARpgSD(_13)o
trRO(513),F;oF2_N_ECS. IPRINTeISCALE

ENTRY SETUP
TEMp4=ALOGIO(F%)
TEMP_=ALOGIO(F2)
WlmIF|X(TEMp4)*I
LsIFIX(T-_P_)
FL = FLOATCK1)=T_MP4
FU=TEMP2-FLOAT(L|
WSCALE=6_O/(FLOAY(LtKI)*FU_FL}
TEMP4uTEMP4*XSCALE

WlsKI_t
: tEsIOjO**K1

VSCALE=6tO/FLOAT(NDECS)
-_ CALL PLOT('lllSeOeOeo3)

CALL PLOT(l,SeO,Oe-J)
GETURN
ENTRY OCTOV3

.=513-NCOUNT• tO 10 |=leNCOUNT
K=J*|
FSO(K)=BK(Z)

I 10 FRQ(K)wAK(1)kCOUkTeS14-NCOUNT
GO TC 20
ENTRY ONECYC

I 2G FUmOtOkCOUkT • NCOUNT_I
rO 30 leNCOUNTs513
IFtPSD(I)aFU)3Oe3Oe40

n 40 FU=?SDII)30 CGNTINUE
K=IFIXIALOG_O(FU_)

I |F(FL,t,O)50_60=60
_0 ZSCALE=rLOATtNDECS-K}

W=K-I
GO TC 70

I 60 ZSCALE=FLOAT(NDECS-N-1)70 CALL PLOT(OoO_OoO_3)
FUnI=O
CO 80 I=IeNDECS

I v=K'kDECS* |FLuFLOAT(I-1)*YSCALE
CALL SVHBL4(-Oo6_eFLeO.OTeOo14_2WlOeOeO,2)

t CALL NUNBERloOo4_FL,O.I_J_OtO.2HI3)_0 TC (90_80)XSC_kE
go CALL PLOT(OoO_FL,3)

L=O

I_ 100 CF.IO,O.*( I-%_ iLeL*_ i

118
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I FU=_'L*PFrL=Y_CALE*_LOGtO(FU)

CALL PLOT(O,OsFL,2)

IF(L,9)t20#llOolPO

I 110 CALL PLOT(n,25,_I ,2)CALL PLOT(O,O_FLo2)
GO TC 80

1_0 CALL PLOT(Ool_eFI e_)

i CALL PLOTIO,OmFL,2)_0 TC I00

8C CONTINUE

i .:Ke_
CALL SYMBL4(-O,bSeS,gE5oO,14_EWlO_OIO,2)
CALL NUMBER('O,45e6,OIOIleJeOoOe2HI3)
EO TC (140,_30)|_CALE

I !30 CALL PLOT(O,',5=7_3)C_LL PLOT(OIOeAlOI2)
CALL PLOT(O,3e61nl2)
_0 TC 150

140 CALL PLOT(5,7e6,0m3)CALL PLOT(6,0:6,0e2)

CALL PLOT(6tOa5j7#2"
. _0 _0 TC ($70,160)I_G

"_ 1(6 CALL PLOT(btO*OI31,_
CALL PLOT(6,OoOiO_2}
CALL PLOT(SoTeOlOa2)
CALL PLOT(O.3eOtne3)
CALL PLOTIO,OeOt_e2]
CALL PLQT(O_O_OI3e2]
GO TC 180

_ 170 CALL NUMRER('O,Zo'OI4mO,14_Fl._,_j4HF2_O)
J CALL PLOT(O,O_O_O_3)

FL=F%
_F=DE

I E=K11;0 FL=FL*DF
FU=ALOGIO(FL)
TEMPI=XSCALE*FU-TEMP4

Ir(TEMP1-6,01200,210=210200 CALL PLOT_TEMPI_OmO_2)

IF(K_L)230_230_220

I 2|0 L=K
CF=IO_O**L
CALL PLOT(TEMPl_O_25=3)

I CALL PLOTITEMPI=O_O_2)GO TC t90
230 CALL PLOT(TEMPI,0_$5_3)

CALL PLOT(TEMPI_O=Om2]

I GO TC 1902_0 CALL PLOT(6_O#O_O_2)
CALL PLOT(6_O_O=3_2)
CALL NUMRER(fi_7_'O,4_O_14_F2_O,O,4H_O)

i 180 CALLSYMBL4(O=O 'OI9#O,14#ITEST#O Oo4)
'_ _ CALL SYMBL4(I_25oeO=9_O,14=ICHANl_O=O_4]

_0 240 IeNCOUNT_513

F IF(FROlll=FZ)240,250m250_40 CONTINUE
=_0 TEMP1=XSCALE*ALOGIO(FRO(I))-TEMP4

TEMP_=YSCALE*(ALnGIO(PSO(I))*ZSCALE)
' IF(TEMP2)260_270,270
; 2_ _EMP2=O,O

119
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i _70 CALL PLUT{TEHP$,TEMP2,3)

3_0 TE_P_=XSCAI_E*ALU_IO(F_O(J))=TEMP4

I TEMp_=YSCAL_(AL_Gtg(pSU(j_I+Z_CIL_)_F(T_MP2)290,30_,.]O0

2gO TE_P2=C,O
3C0 CAt_L BLOT(TtMPI,TEMPP,2}

i 2fO £0_JTINUECALL PLOT(OIO,IO.O_'3)
IF(I_RINT)310_32ns310

i 310 WRITFI&I,goo)ITE_T_ICHA_I
9CO FORMAT (IH1, 44x BHTEST NO,j 2X _4_ 15X 11HCHANNFL NOto _X A4 j //

% 8X 4(4HFREQo 6X 6NPlS,pee _4X}}
WRITE(61a91O)(FRq(I}oPSD(1),I=NCOUNf=513)

I 910 FORMJT {2X _(FlO.2_E15_5_SX})_0 _Eru_
_hD

I 3200 FORTRA,-, UTkG_OSTIC RESULTS - FOR PLOTPSDf

NO _ROR$

1
1
I
I
I
I
I

,I
.I

I"
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I
! "
I
i
I APPENDIX E

Listingof RoutinesMNCPSDF, CPSDCTLF,CPSDFFT,HANNI PLTCPSDF

!
[
!
I
|

| :'

I
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3200 FO_TPAN (?,_) 01/31169
P_OG_A_ _CP_UF

C t*t

C _t_ttt***tt*tlt ORUGRAM NOT wCP/68°22 _***e***tte*tt,o.¢tte**tl

C THIS P_OGR_ IS TMF _Jl , _[,NTROL PROGRAM FOR P_OCESSIN_ PANDOM DATA
C aCqU|RFD 0 _ TH_ A/|} SYSTFM CONNECT_U TO THE CDC _300 COMPUTER, THE
C PO_T USUAL PROC_SIkG IS THE CALCULATION OF POWEP 5PECTRtL DFNSITY
C FU_ *_IC_ qEVtRAI SETS OF _uRROUTINES AHF AVAILARLE_ VARIOUS O_HER
C PROCFS_I_G r_CH_IOLJeS ARF POSSIBLE,
C tit

COUMCN ITE_:r,ICMAN1_ICH_N2_IHAIF,MD(?)mID(t3),INF(7).IRTACK, IFILE_
I_cnu_T,K{_CT,F_.FI _DF,TEMP1,TFM_2.1DATAtlG24)_J_ATAtlO24)_N(6)_

CO_MCN /F'ATA/ IwT(6)_M_NOCT_NREC.S_SS,NPTS_MPTS_MBANePRD(51_)_

I ppQt513),CSI)(51x)_RSD(b13),SSfi(513),NnECS,IPRINT_l_F?_ISCALE
EOuIbALE_CP (SRATE_(4))
CALL LPFILI(NIO_4R}

I0 PD(1)=_D(2)=O
_EWI_D i

_EWI_D 2
_EAD(_O_9OI.)ITEST,IbTACK_IFIL_.|STAT,M,NqEC,_OCT.¥1,F2.NDECS_

IIPRI_T,Ir_TL
_STACK = I_T_CK*q

CALL SFTUP(ICNTL)
ICNTL=IC_TL*I
_F(M-10)11,11_12

1_ wRIT_(_I,13)
_3 FOPM_T (1Hr_ fOX 17MM GN_AT_R THAN I0)

FTOP
I_ TFtFI"F2)14,15_I 5
1_ WRITF(61,16)FI_FP

_6 FOPM_T (1Hn, lOX 4HF1 =_ E15_5. ?X 15HGRE_TER TM_N F_ E15,5)
STOP

14 IF(NZECS-10}lT_lR_18
$_ wRITF(61,1?)

_9 FORMAT (IHn_ lOX _fiMMOR_ THAN 10 PLOT DECADES SPECIFIE_ ,)
_ThP

17 [ALL C(}STAHLF(M)
CALL FFT42M(M,M,I,REAL(1),OUAD(1)_O)

ID(I_)=ITEST
( ITHD=ITHD*I

'' _102_R=2**(rwOGT-_)*_REC

_1 = ITIME(M)
2C _EADt60,°ln)ICHANI_ICHAN2,S_SS_ISCALF

ISCALE = ISCALF*q
IF(ICHANI._4HEND )120_30

30 IF(ICHAN1.EQ.4HN_WT)IO_O
40 CALL DFMtlX(NIO_4R_ISTAT_O)

I=2**(11-M)*NRFC

IFgN%OP4R-NIO_4$)50_60_60
50 _=NlO24R

_=J*l
IF(K-NREC)80_D_?O

BO kOCT=J

WRITE(61,9_O)K_I,J
60 TC 90

121
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6L _ITE(61,gSO)I
_0 CALL CP_;I1C TL,F

SRAT I: = ?,,_*SRAI_/FLnAT(NPT$)

I LHIT_ (61.,';_0) _wr_CT,SRArFVHIT_ (61, q'_3)
(:'O T{. (IPO,110,l._Oj:L40) ICt_TL

lr.O tALL ONECYC(q)

I _2 = ITIHE(,_)'qlWNITF (61,,1000_ r'.2
1['00 FORtVAT (1_0, ;?._x 6_TIHI:; =j, 110)

C.O TC _0

i 110 rAI.L ONECYC(-1)C-O TC 100
130 CArL ONECY_(1)

I _0 TC 1on
_.40 CALL ONECY{: { -J.)

F-O TC 13n
J.20 _Tnp

I 900 FORMAT (A4. 212, 414. 2F10,0, 3]4)9JO rOQHAT(?A4° 2rlo,0, ]2)
9_'0 FORMAT (1HO, £OX ISo 47HDEGREER OF F_kEDOM ],",J LO'-,E_ RAND AND t._TOC

1TAVE e / 1.0X ISp 26MDEGHEES OF FREFiJnM IN NEXT# t3, X ?3HOCTIVFS A

I 21_U UFPEH EIA,_O,I)920 FOrMaT (1H_1, 13X |SoXlqHr)EGkIFES OF F_EEDOM.)
940 FORMAT (!Hne 80(IM*))
9_.0 FORMAT (11X ?THNt'M,')ER OF F_EOUFNCY UaNI}S • .13o / 11X

I 1 44HANALYS|5 UPPER RA_ID e 1"5o_], ;_HHZ
UlANI_WI I.'TH FHEUOE_WCY 2x )

FN{_

I _200 FflHTtWAN UIAGNOST]C R_SULIS - FOR mNCPSL)F

_0 FRRO_S

I
!

"|

1
2,

i

F
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3200 FORTRAN (2,2) / /

SO_RCUTINE CPSDCTLFC QtQ

C THIS ROUTINE CONTROLS THE CALCbLATION OF FILTERED DATA AND CROSS AND
C _IRECT PSD FROM PAIRS OF DATA _HANNELS STORED _N LOGICAL UNITS 3 AND 4,

I C RESULTS ARE STORFD iN ARRAYS PSDR OSD_ RSD, ANn SS_,C e_o

COMHCN ITESTeICHANIeICHAN2. IDUM(25)aNCOUNTmKOCTmFURFLe_FjT_MP1s
1TEMP2e IDATA(l_24)_JDATA(1024)_Nf6)_REALt1_24)jOUA_(t024),

T 2JK(513)aBK_513)pTRK;LeKRECeKBAR,JeCKtSt3)R_K(513)
COMMCN /DATA/ IWT(6)oMeNOCTeNREC_SoSSeNPTSjHPTSaMBARePSD(515)e

1 FRQ{513)IQSD(SZ_)IRSD(513}JSSD(513)INDECS,IPR!NT_F1.F21ISCALE

_IMEkSlON FRE(813)EQUIVALENCE (SRATEoN(4))e(FRE(1)oREAL_(1))
_PTSm2*eM
VPTS=NPTS/2*I

I VBARmlO24/NPTSSl = 4,0*SS*SS
SS • 4,0*S*SS

• 4,0.S*S

T KOCT=O
* CALL CPSDFFT

FU=SRATE/2,0

i CF=210
10 IF _F-FU)20#30_30
20 CFuDF*DF

GO TC tO

I 30 FU,DF/2,0_COU_T = 513
_0 40 Im1_513

40 FRO(1)mO_O

I _0 KOCTmKOCT*ICF = SRATE/2=O**WOCT
FRE(I)=O_O
TEMP! • DF*FLOATtlO24*KREC)

I CF • Dr*2,0/FLOAT(NPTS)CO 60 tu2_MPTS
: AK(.)mAK(I)/TEMPI
;. BK{_=BK(I)/TEMPI

I CKIIJ=CKIII/TEMP_FRE(I) • FREtI-It*DF
60 CKtl)=DK(I)/TEMPI

FLmFk/2,0L • _PTS*2
• IF(KCCT_NOCT)80_70_70

70 FL=O,O
" _ 80 CO $00 I=2,MPTS

= L=I
IF(FREtJ).FL)110,90_90

90 IF(NCOUNT=513)$2n_30,120
_ 120 IFIFRE(J)=FRO(NCOUNT*l))130,$O0_IO0
_ $30 PSD(_COUNT)eAK(J)/S

; ¢SD(kCOUNT) = 8K/J)tSI
. RSD(kCOUNT)=CK(J|/SS

I= SSDI_COUNTI=DKIJ)/SS
I FRO(kCOUNT)sTRE(J)

kCOUkTmNCOUNT=t
100 CONTINUE
110 VUmFL

IF(NCOUNT)140_$4_§O
190 IFtKCCT=NOCT)I?O_$_O,I_6

i ]23
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I

I
170 CALL CUTOFF(3)

CALL CUTOFF(4)

I CALL CPSDrFTGO TC 50
140 WRITE(61,900)
900 _ORMJT (%NO, 10X 29MTO0 MANY POINTS IN PSD RANGE,)

l I_0 _ETU_NFNn

i 3200 FORTRAN UtAG_OSTIC RESULTS - FOR CPBDCTLF

_0 ERRORS

i

I

I

I

I

I

I

I

" |

I

_h
't24
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3200 FORTRAN (_2) 12/23168

I SURRCUTINE CPSDFFT
C iQ_

C THIS ROUTIN_ CALCULATES POWER SPFCTRAL DENSITIES FUR A PAIR OF CHANNELS

I C FROM THEIR FOURIER COEFFICIENTS. GROSS AND AUTO PSD'S ARE SUMMED FOR EACHC _UR-EECORO ANp NFTURNED IN COMMON ARRAYS
C tit

COMMCN [TEST=ICHANI_ICWAN2,1DUM(25)#NCOU_T_KOCTsFU_FL_DFJ TEMP$,

i 1TEMP_ I{}ATAlIO24)oJDATA(lO24)_N(6)eR_AL(IO24)mUUADlIO?4)a2AK(513).BK(913)sIsK,L,KREGIKBARwJsCK(5_3)eDK(b13}

COMMCN /DATA/ IWT(6)oMINOCTeNREC,SmSSaNPTSjMPTSeMBAHePSD(5_3)R:
i FRQ(513),QSD(51_)IHSD(_I3)ISSD(513),NDECSIIPRINTtFI,F?eISCALE

I _EWI_D 3_EWI_D 4
BUFFER IN(3al}(_(1)_N(6_)

i BUFFER IN(4ai) (JDAIA(1)pJDATA(ZO))
IF (KOCT-NOC?*l)_elSe15

5 BUFFER |N(3al)(IDATA(1)eIDATA{IO))
BUFFER IN(4al)(JDATA(1)#JDATA(IO))

i 15 WREC=O_0 10 I=IeMPT$

10 AK(1)=BK(1)=CK(1)=DK(1)=O. _
20 BUFFER IN(J_%J(|DATA(1)_IDArA(1024))

I _UFFER IN(4_ll(JDATA(ll,JUATA(t024))_=L=O
30 GO TC (_O_40_50_60|_NITSIF(3)

i 60 CALL ERRECOV(7_3=K_[)
IF(I-1)70_80,70

80 WRITE(59_900}
900 FORMAT (SX 46HPARI_Y ERRORS ON REAUING _OGICAL UNITS 3 AND 4= /

I _ 5X 57HAFTEH ERROR FREE wHITES, CLEAN TAPE HEADS ANU R_PEAT JOB_)
STOP

70 BUFFER IN(3_I)f|PATA(IIelDATA(IO_4))
GO TC 30

1 40 _0 TC (40_99_50_O0)UNITSrF(4)
1 100 CALL ERRECOV(I_4.L_[)

IF(I.1)110,_0,110
110 BUFFER IN(4_])(J_ATA(1)_JDATA(_O_4))

;: 1 GO TC 40
l 90 WREC=KREC*I

CO 120 J=I,MBAR

CO 140 I=I,NPTS
N=KBAR*NPTS+|
REAL(I)=FLOAT(IUATA(K_)

140 CUAD(II=FLOAT(JUATA(KI)CALL FFT
CALL HANN

: 120 CONTINUE

IFIKREC-NRE¢)20_50_50, 50 RE?URN
END

i t _ 3200 FORTHAN UIAGNOSTIC RESULTS - FOR CPSOFFT
!

: NO ERRORS

(
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C "**
C TKIS R0UTI_E CALrULATES THE FOUH SFrq CF FnUnIF_ CnEFFICIENTS fOR A PAI_

C rF RFCORDS _wlC_ HAVE _E_N 5IMULTANEPU_;L Y FOI;RIER A:_ALYSFD, QESULTS ARF
C FU_MFD _'v A_AYS AK_RKe CK DN_ DK,

I COMMCN !TEST. JCMAN1)IC_AN2JI_UM{_5)w:_COU_TaK;ICT,_U,F[)D_'.TEMpI_

C IOQ

-- I f r|

2_K(SJ3)._K(513),I,K,L,KREC,KN_,J,CKCS_3),_K(513)

I COwMCN l_T_ " ]_T(6)_MeNOCTe%REC,SeSSe_PTS.MPTSe_R.p_D(5.3).1FR0(513)_SD(SZ_)_NSD(513)_SSn(SZ3).N_ECSm]PRINT_FZ.F2,_SCALE
FI_E_SI0_ TMPl(b12)_TMP2(513)
FOUI_AL_NCE (TNPq(1).IUATA_I)).(_MP2(1)_J_AT_(1))

i W:_PTS_MaT S_0 10 |=_._PTS
.:K-!

I L=I-I

I IM_I(L):RE_LIlI+_E_LfJ)
TMB2(L)=QUAd(1)-OUA_(J)

_E_L(L):RE_L(j)-REAL(I)

1C CUAD(L):_UADI|I_OU&CIJ)L = _PTS=I
= _PTS=2

_:O,_*(TMPI(L)'TMPI(K))

I B:O,_*ITMP2ILI-TMP2IK)}C • O.5*(R_AL(L)-REkL(K))
_:O,_*(OUAD(Lt'Q_D(': )
_K(MFTS):AK(MPT_)+Ae_eR_B

F_IMFTSI:_KIMPTS)+C-C d�Œ�CK(MFTS):CK(e4PTS)+AtDeBeC

_K(MFTS):DK(MFTS)eRe_-A*C

I 13 2_ I:I,K
L=I*I

.8I+2

A#TMFI(L)-O,5*(TWPI(1)-TMPI(J})

I _#TMP2ILI-O,5*IT_P_IlI*TMP2IJ))C=RE_L(L)=O,5*(WP_L(I)*R_AL(J))
_=OU_D(L);O,5*(QuAD(1)*OUAD(J))
AK(L):AK(L)+AeA+_*_

I EK(L)=BK(LI+C.C_D. DCKtL)aCK(L)_A_D+_*C
£K(L)=DK(L)+ReD-_*C

20 CONTINUE

I ;ETURNFND

! 3200 FORTHAN _IAGNOSTIC RESULTS - FOR HANN
J

_0 ERRORS

l
T _

I.
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3200 FORTRAN (P,_) 0112R169

SUBRCUTINE PLTCP_DF(ICNTL_

C THIS ROUTI_b PLUT_ P_D AGAINST FREDUENCY ON LOGARITHMIC AXESe ENTR'.
C CNFCVC _OR PSD PlOT AND ENTHY OCTOV3 FOR 113 OCTAVF PL_TSt FNTR¢ SE_dP

C FO_ INITIALIZING THE FREQUENCY SCALE CALCULATIQN_
COMHCN ITE_TsICHAN1mICHAN2,|DUH(25)mNCOUNTpK3CT,FUIFL,DFeTEHPls

1TEMP_ IDATAKIO24},JDATA(IO24)_N(b)aREAL( n24),QtJAn(IoP4)B

I 2AK(513)_HKlbI3)et_K.L,J_NNCOMMCN ID_TA/ ]wT(6)sM,NOCT_,RECwS,SSeNPTS_MPTSRMBARoPSD(513)e

1 FRQ(513),OSD(5_3)_RSD(}I3)_SSD(613_,NnECS,IPRTNT_FI,F?,ISCALE
FQUIVALENC_ (ZSCALE_RE'L(1))

i ENTRY SETUPTEMp4=ALr)G_C(F1)
TEMP2=ALOGIg(F2)
WI=IFIX(TEMP4)*_

I L=IFIX(TEMP_)FL = FLOAT(K1)aT_HP4
FU=TE_P2-FLOAT(L)
WSCALE=6.O/(FLOAT(L-K1)+FU*FL)

TEMP4=TEMP4*XSCAI EK_=KI=I

EE=tU,O**K1

T ,ISCALE=6,01FLOAT(NDECS)CALL PLOT(-ll,5,_,OR-3)
CALL PLOT(2,0_O,Ot'3)
_E_RN

I ENTRY OCTOV3.=513-NCOUNT
EO 10 I=I_NCOUNT
_=J+I

I FSD(_I=_K(I)10 FRQ(K)=AK(1)
_COUkT=514"NCQUNT

I _0 TC 20
ENTRY ONECYC

20 rU=O,O
kCOUkT = NCOUNT_

i CALL SYMgL4(O_O_'O_9_O_14_ITEST_,O_4)IF(ICNTL)330_340,350
330 kN = ICHAN_

EO 450 I=NCOUNT=513

i 450 _K(I) = PSD(1)60 TC 360
3_0 _N = ICHAN_

£0 460 I=NCOUNT_513

4_0 _K(I) = QSD(I)3_0 CALL SYMBL4(l_25,-O_9_O,t4=NN_O.O_4)
_0 TC 370

340 CALL SYMBL4(1,25.'O=9_O,14_ICHANl_O_Oe4)CALL SYMBL4(g,OO.eOe9_O_14elCHkN2eO_Oe4)
CO 4_0 I=NCDUNT_513
_K(I) = SQRT(RSUIIt*RSD(I)*SSD(1)*SSD(I))

{_ IF (RSD(I))480_90,500
i _ 450 IF(SSD(I))520_530_540

5_0 S$D(I)=.1,5707903
GO TC 470

540 S$D(I)=1_570796_
GO TC 470

530 $SD(_)=O_O
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I

t
GO TC 473

500 TEMPI=C,O
• GO TC 510

4_0 IF(SSD(1))SbO,SbP,560

5_0 TEM_l=-3,1415920535
CO TC 510

560 TEHPl=S._415926635

510 $SD(I)=kTAN(SSD{I)/RSD(I))+TEMP1
470 $SDII;=SSD(I_*S7.29577_b
370 CO 30 |=NCOUNTpb13

IF(AK (I}=FU)36a[tOjAO
40 FU=AK (Is

3G COMTINUE
K=IFIXtaLOGIO(FU))

IF(Fg. ol,0)50,O0_60
_0 2$CALE=VLOAT(NDECS-K}

_=K-1
-- GO TC 70

bO ZSCALE=FLOAT(ND_C$-K-1)
70 CALL PLOT(b. OeO;0.3)

FU:IIO
"- £0 80 I=I,NUECS

.=K-_DECS_I
FL=FLOAT(I-1)eYS_ALE

CALL SYMBL4('O,b_;FL'O,O7wO,|4s2HIOeO,06_)
CALL NUMRER(-n145eFLeO.lwJoOIO.2H|3)
GO TC (90.80)ISCJLE

90 CALL PLOT(O.OjFL.3}
L=O

= $00 EF:IO.O**(I-1)
' L=L*I

FU=F'L+_F
FL=Y$CALE*ALOGIO(FU)

CALL PLOT(O,OoFL,2)
IF(L-9)120,110o_?O

_I0 CALL PLOT(O,25oFI _2)

_" CALL PLOT(ODO_FL.2)
_. _0 TC RO
-" 120 CALL PLOT(O,15eFI _2)

CALL PLOT(O,O_FL.2)

•': _-- GO TC 100
80 CONTINUE

.=X*l

CALL SYMRL4('U.OSoS.?25wO.14eZHlOwOeOR2)
I CALL NUMBER('O,45o6,0jOIltJ_O,Ot2HI3)
l 60 TC ($40_130)[RCALE

130 CALL PLOT(O,OeS,Je3)
CALL PLOT(O,Oe6,nD2)

CALL PLOT(Ot3o6.0a2)_0 TC 150

140 CALL PLOT(5+/e61Oe3)

I CALL PLOT(61Oe6_O_2)
CALL PLOT(6_O_5_7_)

1_0 GO TC (170_160)]_CALE
$_0 CALL PLOT(6_O_O_3e3)

I CALL PLOT(6,0_o_n_2)CALL PLOT(5,7_O,O,2)
\_ CALL PLOT(O_3_O,O_3}

CALL PLOT(O_O_O_Oe2)

CALL PLOT(O_O_O_3_2)
' GO TC tBO
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I
170 CALL NU_BEP(-O_.=O,4.0eI4,Fl.n,Oj4HF2.0)

CALL PLOT(P,O;Otn,3)
FL_rI
CF=Dr

| L:K1
Z;O FLeFL*DF

. FU=ALOG10[FL)
TEHPt=XSCALE*FU°TENP4

-* !F(TEHPt-6,0)20U,210_210
200 CALL PLOT[T_MHleO.Oe2)

-- K=!FIX(FU+O_OOOb)
!F(K-L)230,Z30p_O

220 L=K
CF=IO,O**L
CALL PLOT(TcMPlpht2b;3)
CALL PLOT(TEMPI,n_oe2)
GO TC 19G

230 CALL PLOT(TE_PI,0,tS,3)
C_LL PLOT(TEHFIpOtO,2)
GO TC 190

210 CALL PLOT(6jO,O,n.2)
CALL PLOT(6,0eO,3j2)
CALL NUHBER(5,7a'O,4eO,$4mF2oO,Oe4HFS*O)

leO tO 240 I=NCOUNT_5_3
IF(FRO(l)_F1)240.250a25_

240 CONTINUE
2_0 TEHPI=XSCALE*ALUGIO(FRO(I])-TEhP4

TEHP2=YSC_LE*(ALOGtO(AK (])} _)
IF(TEHP2)2_Oe270.27C

_ 2CO TEHP2=O,O
; 270 CALL PLOT(TEHPleTEHP2m3)

CO 280 J=Ii_13
IF (FRO(J)-F2)285o285o280

t 2e5 TEHPI=XSCALE*ALOGIOIFRO(J)).TENP4TEHP2=Y_CALE*(ALnGIO(AK (J))*ZSCALE)
IFITENP2)290,300.300

2;0 TENP2=O,O

300 CALL PLOT(TkHPleTEHP2=2}2EO CONTINUE
IF (ICNTL)380,440,380

380 IFllPRINTI310e320,310
310 kRITEi61,900)|TEST.hN
900 FORNAT (1H1, 20X 8HTEST NO,, 2X A4, 15X 11NCHANNEL _,, 2X A4 , //

1 8X 4(4HFREO= 6X 6HP_S,De= 14_))

J kRtTE(61_910)lF_(II,AK ([I,]=NCOUNT,St3)9t0 FORMAT (2X 4(FlO_2_EtS_SeSX))
];0 CALL PLOT(O,OelO.O,.3)

RETURN

i 440 CALL PLOT(O_O,6_PS,_3)CALL PLOT(6:0,O_O*2)
CALL PLOT(6_O,O_3_2)
CALL PLOT(O,O_O_O_3)

I CALL PLOTIO_O_I_PS,2)CALL PLOT(O_l_l_5*2)
CALL PLOT(O_05_0:625_3)

I CALL _LOT(O,O ,U.625_2)
GO TC t441_442)ISCALE

441 CALL NUHBER(:O=SS#t=lB_O=14_tBO_O,O_2HI3)
CALL NUHBER(-0,5_O_S5_O_14_ 90_0_0_2Ht3)

|" CALL NUNBER(=O*5S_'O_07_O_14_ 0_0=01_|3)
! 442 2SCALE=l=25/L80_O¢.

TEHP_ZSCALE*ABSfSSD(]))
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TEMPI=XSCALE*ALOGIO(FRO(1))qTE_Pa
CALL PLOT (TEMPI,TEKP@e_)
CO 3_0 J:I,51_

IF (FRQ(J)-FP)39SI395j390
3_5 TEMp_=ZSCALt*ARb(SSD(J))

?EMP%=XSCALc*ALOGID(FRQ(J))-TEMP4
CALL PL.OT(TEMPE_TEMP2_2)

J_O CONTINUE

CALL PLOT(O,OpItSI-3)
CALL PLOT(O,O,Ot_I2)
GO TC (392,_9_)|SCALF

392 CALL SYMHL4(-_, _5 e0 ,4 _0 .2 ,I--,0,0 ,1)

CALL SYMBL4(-Q,251D,O,n,2,1H+,n,O,I)
3_1 ?EMPI#D.O

TEMP,:Or4
FL _ TEMP1

3_4 FL = TEHP_
3_3 CALL PLOT(XSCALE*ALCOIO(FRJ(1)}-YEMPAeFL_3)

CO 400 J=_,_13
IF" (FRO(J)-F_|40_#40_,400

405 FLmXSCALE,ALOGIO(FRQ(J))-T_MP4

IF(SSD(J)}410m420_420
410 CALL PLOT(FL_TEMP2m2)

GO TC 400

4_0 CALL PLOT(FLFIEMP_R2)
400 CONTINUE

CALL PLOT(O,ne31ni-3)
IF(IFRINT)430_3_O_43n

430 WRIT.E(61,920)ITEST,ICNAN%mlCHAN2

920 FORMat ($_1m 20X QHTFST NO,_ 2X A4_ 2X 9HCROSS PSD# 2X 8NCHANNELS
I_ 2X A4_ 2X 3HAN_m 2X A4 m // 8X 5(AHFREO_ 6X 6HP,$tD,m9 X
2 5HPFASE_ BX))
WRITF(61,930)(FR(}(I),AK (I)_SS_(1)_I=NCOUNT_5%3)

9fro FORMAT (2X _(FlO.2_E15,5_FlO,l_SX))
_ETURN

._" FND

3200 FORTRAN UlkOhOSTIC RESULTS - FOR PLTCPSDF

l _0 ERRORS

!
!
!
!
_. 130
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!

!
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I

I 32n0 FORTRAN (?.2) /
/

FROGGAM MNPSDAA

C ***

i C **************** PROGRAM NO. wCP/68-21 *************************C THIS PROGRAM IS THE MAIN CONTROL PROGRAM FOR PROCESSING RANDOM DATA
C ACQUIRED ON THE A/D SYSTEM CONNECTEU TO THF CPC 3300 COMPUTER, THE

C POST USUAL PROCESSING IS THE CALCULATION OF POWER SPEC...AL DFNSITYC FOR wHICH SEVERAl SETS OF SUBROUTINbS ARE AVJILARLE, VARIOUS OTHER

C FROCESSING TECHNIQUES ARE POSSIBLE.
C ***

COMMCN ITESTo|CHANI_ICHAN2mlHALF_M_12lo!DII3I_INFI7)_ISTACK_IFIL_COMMCN NCOUNT,KOCT,FU_FL_DFRTEMP%j
ITEHP2RIDATA{EO24.2}JN(E)eEXTX[IOOOIJAK(InOt]JCK(IO24)a_eKoL.KRFC_
2K_AR_JjXMEAN_SIGMA

I COMMCNIDATA/I_T(6)eM.NOCTaNREC_SjPSDIIOOllmFRQllnOIImFIiF2jNDECS%jlPRINT, ISCALE
EQUIVALENCE (SRATEj_(_)_
CALL LPFILT(NIO24R}

I0 _D(1)=MD(2)=O_EWI_D I

_EWI_D 2

I ;EAD(60,9OO)ITEST,ISTACK_IFILE,ISTATpMwNRECeNOCT,F%eF2.NDECS.::RRI_T

ISTACK = ISTAGK ÷T�(x�xSETUP

IF 1M_I000111_11.12I_ WRITE(61e13)
13 FORMAT (1HOe 10X 19NM CHEATER THAN 1000 )

STOP

I 11 IF(F1-F2114,15_1515 WRITE(61_16)FljFP
16 FORMJT (1HOe IOX CHFI :_ E15tS_ 2X I_HGhEATER THAN F_ E15,5)

l STOP
14 IF(NEECS-IO)I7_I_18

le WRITE(61_Ig)

19 FORMAT (1HO_ lOX _ShM]RE THAN 10 PLOT D_CA_ES RPEC_FIED )

I STOP17 ID(I%)_ITEST

hlO24R=2**(NOCT-_)*_REC
klO24S_NlO24R

I 20 ;EAD160_910)ICHANI_ICHAN2_S_SS_ISCALE
ISCALE = ISCAL6*_
IF(ICHANt,EQt4HENU )120_30

3Q IF(ICHAN1,E_4HNFWT)%0_40

40 CALL DEMUX(N1024R_ISTAT_O)
_- I • 2048*NR_C/M

IF(N_O24R*NlOK4S)50_60_6D

_- 50 _mNlO24R

! 70 _sK/2

,sJ*l
• IF(K-NREC)RO_60_?O

80 kOCT=J
m _048"K

v_J-t
i _RITE(61_920)_I.J

GO TC 90
_0 WRITE(61_930)I _
90 CALL PSDCNTLA

_RATE s SRATEtF_OAT(M)
WRITE (61+950} NOCT_SRATE
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i
I _RITE (61_q40)CALL ON_CYC

GO TC 20
1_0 STOP

i 9GO FORMAT (A4, 2|2_ 414, 2FlO,Om 214)910 FORMJT (2A4m 2FlO_Om |2)
920 FORMAT (1HOm _OX 15m 47HD_GREE$ nF FREEUO_ 1N LOWER RAND AND 1STOC

1TAVE , / lOX |5_ 28HnEGHEES OF FREEUOM IN NEXT o 13= X ?3HOCTAVES A2_D UFPER B&NI) o)
930 FORMAT (1HOa !OX ]5,X19HDEGRFES OF FREEUOM,}
940 FO_AT (1HOa _O{IH*]]

950 FORMAT (11X 27HNIJMBER OF FREQUENCY BANDS = el3, 1 11X
1 44HJNALYSIS dANDWIDTH |N UPPER FREQUFNCY BANO = o FS_I_ 2X ?HHZ )

END

3200 FORTRA_ DfAGNOSTIC RESULTS - FOR MNPSDAA

NO ERRORS

I
I
!
!
!
!
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,52n0 FOP;P_t_ (_,_) n2/In/59

c14_,Rr.lJT]P'E P _I.jC.._TL_
C tl_

C "MI3 PnL,TI'E CO_TRnLS THE CALCIiLATIU_ OF FTLTER_i) qATA A_D POWFR SPECTRAL
C rEr,,,SITY(USING LAFjG_n PRnlJLfCTS). APPROPRIATE OC',AVF _A_,fGI::SARE STOREP IN

r' _PAvS P_(I A"lIJ FP.U,
C Iseo

C[)MMCN ]TESFj [CHAr," .ICHAN2, |DU."(PS),IvCC)U"!TaKr)CT,FU,FLJ./')F,_TF.MPJm
l'rE_P;_, I[.ATo_(IO24.2),,,(6;,I-:XTX(1onu),AK(1N_)_ ),CK(IO?4),. I,K,L,._RFC,

COWMC.*j/UA T,_/Iw T(_ }m_Jr,JOCT,_vHFC,S,PSD( IO01 ),f'PO(lO01}
F I_EP,SION Ft(E(I 0(_I)
_(;}.IIUAL_-NCF(qRAI_,N(4})e (FPE(1)4. [DATA(I ))
_OC,T=O

CAI L PSI-I_lJTrj
FU=SNATE/2,U

r.F=2,0
IG IF(UF;Fu)__U,_IU_3n
20 r. F=IJF +fIF

GO TC In
30 FU=IJF/2.0

_COd_,T=IO01

ro 40 I=1,1U0_.
40 FPF_(I)=C.O

S ; Z'.O*S'q'¢;HAT _:
5C _OCT=_OCT_.I

TEMP1 =2.0 *',,K.')CT
CFmSqATE/_ TEMPI*f- LOAT ( tA} )
TEMpi =TEMPl/',R
FRP(_)=DF

IZO 60 I=2,_

FL-"FL/?. r_
L = _'-,-i

IF (KCr,T-NOr. T}80,70,70

70 FL={}.G
80 _O 100 :=1_ M

_F= L,'I(F_E(JI.FL)$10.90_90

90 IF (_,COU' T-1001)i2O,13r_120
1_0 IF (FR_-(J)-F RQ (Nr.OUr_T_.1;)130, I0 O, 10{,

%30 I:srl( _,COUNT ) =Ct_ ( J ) *TEMP1
F IRt3( k CC)lJlVT ) =FHF ( .I )
_,COUk T=NCf=UNT-1

100 CONTINUE

_.10 FU=FL

IF (NCuUNT )140 _ 14f __ I_0
;1.50 IF (KCCT;_OCT)].70,160,160
%70 CALL CIJTr)FF ; 3 )

CALL pSIJAUTO
GO TC 50

%40 WRITF(61,900)
900 FORMAT (IMO, _.Ox 29MTO0 MANY POINTS IN PSl.)RANGE.)

160 RETtJ_N
I_N_,

32_J0 FF)RTRAN LItAGNOSTIC RESULTS - FOR P_rlCNTI.A"

!0 ERRORS 133

!
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I
I

CLIq_r tit ] _ (" I"SDAUTU
C /I/1'ti

C T,4T:; R()I'T(',_C C^LPULATES PURER 9PFCT_,,aL U_NSJTY FPO"' THF AUTOC(]_'R_L,_TION
C FWJr,cTIO. (.,IH A blVF_, DATA CHANNEl _HYCH 1._ HELD _)N LnGICAL UK'IT 3.
C _:5a_ IS PFT,I_,,_I"r)vN CNHHL, N AHc_AY CK
C
C #t4

I'gM_',CNI.THSF, ICH_N_.I,|CH_N'_e |PIJ_'(PS),_'CDUN[,_tICT,FU,FI.,r)F,TFMPlm
"JT_HH_, IHaTA(IOP4,2), Ut6),EX [X(IO"U), Ar,(1-(101),CK (II]P.'_)e I,_'_L,KN.FCm

2K P/AR,Je XH(::Ai'_mL;I_.,_A

("I)14HCN/uA T A/ I,JT (A _,V eNOb r,&_H&C

5 PUFF C--P ]N(,i,I I(II_ATA (i_ I) _ IdATA( IO_ J.)J
15 wHFC:[ :G

k :_,+1

ru _.G I:I,K
10 _K(1) " FXTX(J) = (),0

20 _UFFI:_' |N(J,1)(I_ATA(!,I),|DATA(IDZ)_,Z))
,](_ C-0 TC t..If],qU,.hI.I,F.O)UNITSTF(3)
6C CAI.L ERRFCqVII,J.L_ I )

IF( I'i )20_ 7(I,27
70 WRI TF (59, q_l{J)

900 FORMAT (5X 3_HP,,_ITv ER,,OR HI-APING L_L_ICAL UH|T _ ,I 5x
Z=5_AFTER E_HhK FREF wRITE, CLEAN TAP& HEAU AND PI:PFAT JOP, II)

FT(';P
4C _R;jC=K#EC+ !

.,,;

.. CALL CONLAT{I)
x=rl
IF (_(REC-NnEC _qO, bO, _F)

90 r-O Tr (_,O,IGP,SU,I_C)UNITSTF(3)

110 CALL [..PwECOe(7,3,K_ I}
IF( I-:_)_20 ,'/(___;_r

_ 120 _UFF'FR IN(_, 1} ( InATA (1_2}, IUATA('1024_') }

, C-O TC VO
1C0 KREC=KREC.*_

POFFPR IN(3, I) ( II,ATA(I_ i) _IUATA(_.O2N,I) )

_" CAI L CFIRI.AT(2)
e ,

_' L =F)
I F (K_EC-NR[-G) 30, _iO, bn

50 ('ALL FLOATAK
f" I( - 102=*Kf_EC
-* L=M.I,.I

)_ME:Ak=X_tFAN/FL(}A "r(K

},. _MFAK =XHE A",l"XME A_'
EO 1'=0 I=Z,L

_-- 140 _K( I)=AK (I)/FLOAT( K- I.I )-XMEAN
XMEAP_ = ,x',I_l_JQ2_91FLOAT(M)

SIGMA : AK{1)
FXTX(J.) = 1,0
ro 1PO j=P.,M

I_0 FXTX(J) = CQ.¢J(FL_AI"(J-I)*X_EAN}
CALL FTRANR

T(_MPl = CK(_.)$O_K,'CK(_)
W:M-I

'rEMPP. = CK(M).=,C_(K)
WM_:AK =CK (:I)

134
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|
F¢} £)F, I:L.',_,

CK( I ) r. (_K( I )¢fJ,h*(CK( r¢_ )¢XMI_AN|
_,?O _(M&A$'.=_ClM

¢_K (1)--.TEMPI

I CK(M):TENp p

F__rl

i _f]O FORTRAn, {_TAGf_nSTIC RESULT.(._ . FOR PSDAUTn

_10 BRROR$
!
(

.L

1
I
i
I
I
I
1
I
T_ 135
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3200 FORTRAN (2,?' / /

SURRCUT_NE PLOTPSDA
C ***
C THIS ROUTIN_ PLOTS PSD AGAINST FREOUEkCY ON LOGARITMwIC _ES, FNTRY
C SET_,- FOR Ir:ITVLIAZING THi FREOUENCT $CAL@ CALPU_IIIe_ ANb O_IGIN SETTING,
C Qoo

COMMCN ITESTeICHANIeICHAN2.1DUM(_)'NC_UNt,K_Cvor_fL_hFo_NP%I
%TEMP_.IDATA{tO24.2|oN(6)uEWTX(lOOOIaaJf|_@tP.Ce({_¢Jo|.N,L_WRFC.
2WBAR#JIXHEAN,$1GMA
COMMCN/DATAIIWT(6)oMmNOCTjNRECo_oPSDI|_gI_.-'$''_I.rI_K_eNO[CS

I,IPRINTIISCALE
EIMEkSION BK(IO01)
EQUIVALENCE (BK(1)_IDATA(%))
EQUIVALENCE (LSCALE, IDUM(3))
ENTR_ SETUP
TEMp4=ALOGIO(F%)
?EMP2=ALOGIO(F2)
WI=IFIX(TEMP4)*I
LmIFIX(TEMP2)
FL = FLOAT(K1)=TFMP4
FU=TEMP2-FLOAT(L}
XSCALE=6,0/(FLOAT(L-K1)*F_" L)
TEMp4=TEMp4*xSC_E
WI=K_sl
CEnlO,O**K1
_SCALEe6.0tFLOAT(NDE_S)
CALL PLOT(-11o5_OoO=-3)
CALL PLOT(2oO_O_fle'3)
RETURN
ENTRY ONECYC
FU : 0,0
kCOU_T : NCOUNT*I
EO 30 I:NCOUNT_IO01
IF (PSD(1))35_35,45

35 FSD(1) =1,0E-70
_0 TC 30

45 IF(PSDt')-FU)30_30_4040 FUePSD(I)
30 CONTINUE

WmIFIX(ALOqlO(FU))

I IF (FL1-1.0150_60,600 Z SCAL|iIFLOAT (NDECS-K)
W=K=I
GO TC 70

I 60 ZSCALE=FLOATINDECS-K-1)7_ CALL PLOT(O_O.OoO_3)
FU'I,O

t _0 80 I=I=NDECS.mK,kDECS*I
FL=FLOAT(I-1)*YSCALE
CALL SYMBL4('Oo6S_FL*OoO7,0o14,2NlO._oO_2)

I CALL NUMBERI-O,4_FL_O,I,J_OoO.2HI31GO TC (90,8O)ISCALE
90 CALL PLOT(OoOeFL._)

LmO

I 100 tFiiOlOiiIl'ilLiLil
FUmF_*DF
FLmYSCALE*A_OGIOIFU)

I CALL PLOTIOoO_FL,2)IF(L*9)120,110_l?O
135
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!
110 (ALL PLOTCg,2_,kl _;)CALL PLOT(O,O;FL.

I _0 T£ _3

I_0 CALL PLOT(_j_,F: ,_)
CALL PLOT(O,O_FL,2)

I C5 TE 1On8C CO_Tf_U_

_=K*l

I CALL Sf_LAl-O,bbsb,q25,0,_4,2_l_en,a,21
CALL Nt;_-E_(°O,45._,O,O,1,J,O,n,2H_3)
FO TC (Z40,130)IqCALF

130 CALL PLOT(U,3;StT;3}

I CaLL PLOT(_.C,6,0,2)CALL PLOT(i_,3t6=na_)
_O TC IbO

140 CALL PLOT(5,7,6,(le3)

I CALL PLOT(A,O=6='Is_)CALL PLOT(6_OR517;2)
150 60 TC (170,160)I_CALF

lEO CALL PLOT(A,_,Ot3,3)

CALL PLOTI6,0mO,_t2)CALL PLGT(517,01"I_}
CALL PLOT(N,],OI_I3)

I CALL PLOT(Om0eO,0e2I
C6LL PLOT(010,0,312}
_0 TC 180

170 CALL NUM_E_(-O.1.-0=4_0.14.Fl_,0.4HF2_0)

CALL PLOT(_.0.0_O_3)FL=FI
_F:DE
L=K_

I 1gO FL:F_+DFFU=ALOGIO(FL_
TEHP]=XSCALE*FO°TEHP4

IF(T_HPI-6,0;?OU.2_O,_IO

I 2CO CALL PLOT(TE_P_.n.0_?)K=IFIX(FU$O_O00_}
IF(K-L)230,_30_270

I 2_0 L=K
CF=I0,0**L
CALL PLOT(T_HP1;i) m25e3)
CALL PLOT(T_MP1,0_0e_2

* _ _0 TC 190

| 230 CALL PLOT(TE_Pl,n,15,3)
CALL PLOT(TEHPleO,0e2)
_0 TC 190

I 210 CALL PLOT(6,0,0,_2)CALL PLOT(6.0_0,_,2)
CALL NUH_Eg(5_7_'O.4_O._4eF_IO,Oe4NF_O)

;_ lEO CALL SYHBL4(O_O_'O,g.O,14, ITEST,O.O,4)

I CALL SYHBL4(l_2_,=O_q_O_14_lCHAN_O_O_41CO 240 I=NCUUNT_O01
lF(F_Q(|)=F1)240.250.250

I 240 CONT|NUE250 TEMPlmXSCAL_*ALUG10(FR_(I))-TEHP4
TEHP_=YSCALE*(AL_GIO(PSU(|))*ZSCaLE}
IFfT_HP2)260_270.270

2_0 TEHP_0_0270 CALL PLOT(TkMPleTEHP2,3)
[0 2_0 J=l,1001
IF (rR_(J)-_2)33_,330,2_O

: 33_ TEHFI=XSCALb*_.O_IO(FRO(J))-TE_P4 137

i ,
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i TEHP2=YSCALE*(ALOGIO(PSU(J)) E)

TF(TEHP2)290.300,300

2gO TEHR2=O_O

I 300 CALL RLOT(TEMPI_TEHP2p2)280 CONTINUE
CALL PLOT(OtO=IO.Oo-3)
TF(IFRINT)310_32n=310

I 3_0 kRTTE(6IegOOIlTENT_ICHANI9C0 FO_HJT (1Hle 44X 8HTEST NO=o 2X A4_ 15X ltHCHANNEL NO=o 2X A4 = 1/
1 8X 4(4HFREO= 6X 6NPj$.Ule _4X))

VRTTE(61,910)(FR_(1)_PSD(I]mI=NCOUNT,lO01]

9JO FORHJT (2X 4(FlO.2_EtS.5_SX))3_0 RETURN
END

T

j 3200 FORTRAN UfAGhOSTIC _ESULTS - FOR PLOTPSDA

I NO ERRORS

!
!
!

[
,- I38
i
1
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APPEN DIX G

Listing of RoutinesMNCPSDA, CPSDCTLA,
CPSDAUTO, PLTCPSDA, and CORLATXY
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3200 FORTRA_ (2,?) I !

PROGRAM MNCP_UA

C ***

C **************** PROGRAM N_, WCP/68"23 *************************
C 7HIS PROGRAM IS THE MAIN CONTROL PROGRAM FOR PROCESSING RANDOM DATA
C ACQUIRED ON THE A/D SYSTEM CONNECTED T_ THP CDC 3300 C_MPU?ER, THE

C _05T USUAL PROC_SSIhG IS THE CALCULATION OF BOWER SPECTRAL DEN_|TY
C FOR WHICH SEVERAl SETS OF SU_R_UTINER ARE AVAILABLEe VARIOUS OTHER
C FROCESSING TECHNIQUER ARE POSSIHLE,

COMMCN ITEST,ICHANItICHAN2_IHALF.MD[2)_ID(13),I_F[7)jISTACK_IFILE

COMMCN _JCOUNT,K_CTjFU,FLeDF,TFMB1,
ITEMP2_IDATA(1024)_JDATA(1024).N(6),EXTX(lOOO),_XTY(IOOO),AK(JOfll).
2_K(_OO1]eCK(lO24_mlaK,LeJRXMEAN.YMEANeSIGMAX.SIGMAY

CDMMCNIDATA/IWT(_)IMeNOCT,NRFC,S,SSePSD(IOOI)eQSD[IOOI)_FRO(IOOI)e
IFZ.F2,NOECS_IPRjN/eISCAL_

FQUIVALENCE ($RATE_h(4))
CALL LPFILT(NIO24R)

10 MD(I]=MD(2)=O
_EWI_D 1
nEWl_D 2

_EAD(60,9OO)ITESTaISTACK_IFILE,ISTAT_M_NREC_NOCT,FI,F2,NDECS,
ZIPRI_T

ISTke_ = ISTACK*q
CALL SETUP
IF (_=1000)11_11.12

12 WRITE(61_13)

13 FORMAT (1HO, ZOX 19WM GREATER THAN 1000 )
_TOP

11 IF(F]=F2)14,15,15
1_ WRITE(61_lb)Fl_FP

16 FORMAT (1HO_ lOX 4HFI =_ ElSe5 _ 2X 15HGREATER THAN F'Pm E1_,5)
STOP

14 IF(NCECS-10)17_I_18
1_ WRITE(61_19]

19 FORMAT (1HO, 10_ 35hMORE THAN 10 PLOT DECADES SPECIFIED )

! STOP
17 ID(tl)=ITEST

_lO24R=E**(NOCT-_)*NREC
klO24SmNlO24R

? 20 _EAD(60_910)IGHANl_ICHAN2,S_SS_ISCALE
ISC_LE = ISCALF*_
IF(ICHANI.EQ_AHEND ]120.30

30 IF(IChANt,EOeAHNFWT)IO_40
40 CALL DEMUX(NlO24RelSTATeO)

I • 2048*NREC/M
IF(NlO24ReNZ024_|50_60,60

50 WaN$O24R

_=J*!
IF(K=NREC)80_80_?O

80 _OCT'J
= 2048"K

,#J'1

WRITE(al.920)K,I.J
GO TC 90

60 WRITE(61_930)I
_0 CALL CPSDCTLA

SRATE • SRATE/F_AT(N)
kRl?g (61095_) NOCTeSRATE

144
t

1970003212-161



!

l WRITE (61,g40)CALL ONECYC

GO TC 20

I 1_0 STOP
9CO FORMAT (A4, 212, 414, _'I0,0, ?14)

910 FORMAT (2A4_ 2FIN,O, 12)
950 FORMAT (IHOa fOX 15_ 47H[)EGRFES _F FREFDOM IN LOWER RAND AND ISTOC

I ITAVE _ I 10X 15, 26MDEGREES OF FPEEUnM IN NEXT, 13_ X 23MOCTAVES A2_P UPPER BAND,)

9_0 FORMAT (IHQ_ 10X 15_XIQMDEGRFES OF FRE6D(}M,)

940 FORMAT (IHDs 80(IM*))
I 9_0 FORMAT (11X 2/NNI]MRER OF FREQUENCY BANDS = _13_ / 11X
I % 44HANALYSIS BANDWIDTH IN UPPER FREQUENCY @AND = e FS,_e 2X 2HWZ )

FND

I 3200 FORTRA_I DfAGhOST|C RESULTS " FOR MNCPSDA

I NO ERRORS

I

I

!

I

I

I

I

I

I
145
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|
32C_0 F,.)_ TPA_,, (P,_) 02/.1._/h9

I ¢Lj-h',';j'r v',,k-- cr)sI_L;'rLA
{_ it'*

C 7NIS _._r_.'Tl ,1:: Crl_T6{.tLS TtwP CAICIJL_TISI,. PI. k TLTE_,_P.P PA'rA A_ILI CR(JSS POWEN

I C .cP_-CTNAL'DE,_£|TY (USING LAHbFU Pf,_orIH('lq), APONOPh) I_,I_: nCTAVE RANGES ANFC _Tner-rl ]_J ',_.AY5

(.OU,C_ ITEqT,_CMth, loICHPN2m I[)UM(PSls_Ct3UkTIKF_CTeg'dm_L,F)FI]'EMp_m
IT_PPP, I_}AT_{IbP4)e J_AI'A(IOP-4),K.(&) j_-WTX( I.Unb) _XI"Y(If_O_ )_AK(IO_I) n

_F-K(Ih01 ),C "_(COP4) a I,W_t__J, XMFA_I_ YMF-A_,_SIGNAX_SIG_A v
rrJ',r4CN/LsATz,/I-T(_'I_t',N()_T,_.NpC_5_SS,pSI)(IOrIi)_c3S_(I Onl}_FRO(_ OO%)

["I'.'b',S I(_;_FHr-(lunl)

cuq,I9 aI._-._:CE(_RATE,,\(4) }s (rNF(1 }s ID,,TA(I ))
KOCT=[.

I CAI L C'PSI_(_i;lh
FO=Sc-ATE/2,0

['F=2,0
IC I F ( LIF=F _J)2q , .'_iJ_ 3"

J ;_C FI; =m; Ô�°�1 £-U Tr _C

313 FU='JFI_,_

_CnU._T=1001ro 4_: I=I,1_3Ol
4c FRQ(I_=O,O

(: = 4,0*.(,.SS"_PATL:
_13 I_OCT=KOCT-,I

TE_P,!=2, O..KqCT
_'F=S _ATE/(T_,_P]'FLOAT(M))
!E_PI - IEMP1/S

i TE'_P'_ : O._-TI:P.P_FRF(1 )=Dr
ro 6n i:2,,-'

i FL=FL/2,nL : W  "IF (_CCT=NOrT)_g_ 70_ 7ti

I 7C FL:O,O
81J ro 100 I=I,,'I

= L-I

'_F (F I_E (J),FL ) 1-1O, 90_, 90

I 90 _F ( NCOIl_tT=l Or)l ) 1;)C _1.30 _ s_O1_0 ; F ( F_E (,J) =_ NO (NL;nUNT*Z) } 13{1 _10fl_ _.{lfl
110 FS_(_Cf}l;r,1) _IIIK (J) eT_Wp'l

CSI_(_Cfl_l;T):NK(JleTI:.MP?

I F RQ ( _,G(q.'_, T ' =It NI.:(I)CnU _,1 :qCOU ,_T- I
1C0 CO*'Tlm_

1%0 I_t_=FL

I IF ( _C',}tl_,T) 1 _CI, I. 4" _ 1_n1_.0 T; _KCCI'._OC T)_,7Q, I_ _IAtJ

I CALL CuT r)l'r (4)
CALL _PbbA ''?t_
r_) Tr "0

140 wH| Tl-(_],,O_'Jt

1_0 _L'TJ;';
_Nq

,_l_t"O IrwT-i1,,_ l_llCt_nft_lP, wIC_UI?< - IrQI rl_qDrTll

t
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I 52P0 FUPT_A '_ (P,P) 02/1n/69

cU_.r,lT ["k CPSI'_.'T r)

I C _-*C T_!S Rq+;T( ,_ CALCUL._TES rf4FiSq PU_E;_ qt__k{',THAL [)_N'_IT v FPfl_ THE CR.3SS
C CO;_H_L;,I!r_. FtJ_,t,Tlr):__qi_ A PAIF_ r_ IJATA CrHAN_I(;:!_SHi+Ln nN LOGICAL UNII'5 3
C ._4[,4, _F_t A4 rl IP4_GI.IAHY PAf'Tq '_F "HE CvLJSS PC1] A_'_:R_TirR_En IN APF4AYC.¢.

I C :(, A',,)'JK,C Ill

C OH'JC:+ iTE5 T, ICr_ _1, I[;_,_.',i?,Ill[j_(25), _.COU _T, KPCT, Fki,,L, i11r,TFMP_.,
1T_MP_ ",IJATA(tbP4);.JbATA(IOP4),K_(f.)+_'ZTX(Ionu)mFXTY(lnOrl}_AI,((IOf)t)+

i 2k._(liF_1),r K(!(j;)#,},I,Ki{ ,J,XeIF-A_,IaYMF:,kP,,S,"_AX,SIGUAYC:J'_ 4¢" ,J/ ;AT4/ Iu.'T(_)IV,,"t;ICT_r, RF-C,b.,SS,P_,qtlOOI.)_OSI',(!Or)I),_FRO(,_D_% )
1F'I,F-P,',u_L;_IIuc;I'TI [_,CALF"

i F I_!t_SftJ P,, ,_ ( ].L)g4 )
¢ ;IIIbALF_.IC_- (uK(_),JqAT**(1))

GEw I" I) _+

I r;U[..F cR [P,if3,1l(_'l)+N(6)}F:UFFCR IN(4,1) (IDATA(t)+JI+AT_,(In})
IF (KOCT-,_iqCT+I )E, tb +1_

5 F- FFF:R IK+C_)(Ir_ATA(1)+II]ATA(t(J))

I FUFFPH ir,,(4, I )(JI_ATA (1) ,JI]ATA (_(j)]5 KRFC:K--L=O
)_"4FA_k- Yrl F_"A ';-" ') , 0
= =,_ Ð�I rO .Lt)l-'t,J

I0 AK'I) - RK(I} = _:AIX(I) = EXTY(1) -" .r),r,
3C PUFFER i,_(_ I) (IrmaTA (1), IDATA(_Op4) )

j F:UFFF:R I'U(4; I) (JrlAT,,(].),JI]ATA (I tl;)4);
4L 6:-0TC (40,hU,OO,TJ)U_IITSTF(3)

70 CALl_ E_FC'.v (7,3._;, i)

T_ (|'1)_,0, _3,dP,

I 9C W_[ [F(I_(_;990 )9C0 F(.)F_AT (5x 46rIP,_;vITy ERROR£ ON NFAD_,G LOGIC{L U_'IT5 J ALl) 4_ I

l 5X =.7k4AFTF:, E:W_PH FRF.F '4RITI-S, CL_A< T**Ph _FArls A_JD R_PFAT JOF_,)
._TqP

I 8C F_UFFFP l'i(:,,1) ((nATA (1) , IDATA (I 0?4) _r:-OTC 40
9G C-O TC (50,1UO_6d,ItJi,J_JITSTF_4%

110 r.ALL F..PRF-Cr_V(7,_k,L + I)

J IF( 1-11120,90,_2n120 FUF'FF R Ih( 4, _ )(JhAT** (i), JUA IFA(i{J24) )
6O TC 50

J ICO K_-C-'K_6C*I
CALL CORLATXY
IF (Ki4EC_NR_C) _0 +_Oi _rl

60 F_:FL')A! (10241K_(6C)

J CALL FLqATA_wMFA_ :XMFA'J/IrD
Y,MFA%= Y:4E A'IIFP

rF .-x_,F..APIey*,¢:A_

I W_,lC.A_ _.XME Ah.eXME:A_i¥MF-AI%=YMF A _eYf._A','

._IGMAX=FDel, 0
,- .¢IqMaY=DK(t)/SIGvAX - Y!+E.AN

: _.[Gr4ax=cK(I$/3IGN_,x - "(lEAN
L =,w,1
l_O=Fr.l,O
CO L_l) I=3,u

FFc=F'r_FLnAT(1)
_K(I)=AK(1)/;'M-or

]47'
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t

r-.,:.(i ;::_( | )/i: ,,i;u_:
• _.r.:,-'_! = A_{J)*;-_,r|)

¢ .",( ] ) " _,,',( ] )"-< ( i

I rF = 3,14159_b_/FL.._ATt_.)
| rC 14n, ;'=_.,

-"n : Irl ,s_l"( j-!)t"._
_XTX(I) = ."O(_(c..., ')

140 I:xTY(I ) £I_J{¢u)

_XTX(!) = 1,0
r XTV(I ) = ;,,n
tALL FT_'A _q

_(i) = CK(,L)*';',5*CI':(2)
A_(,_) : _<f.:}*CKf_,)

I-K(_) = h_(,'_)*D<fF)
r[) 170 I=2,K
,=l+!
1 :!_,1
_-{l) = C_,(I)*,I,_,*(CK(J,_+C'_{[ !)

170 {"K(]) = '}K(I)*qo"*(L_-(J)*L"((L))

F ;-_i'.

37';C __PT_A:.; ufA,_r_S1|C _;z::SULT"; - FU_ CP_D,",UT(_

NO FRPORS

5

t

T-^

!i"

:l I
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3200 FORTRAN (?,?) 01127169

$URRCUTJNE PLTCPSDA
i C **i

C THiS ROUTINE PLOTS PSD AGAINST FREOUENCY ON LOGAR%THHIC AXES, ENTRY
C CNECVC FOR PSD PlOT JND ENTRY OCTOV3 FOR 1t3 OCTAVE PLOTSo ENTRY SETUP

t C FOR INITIALIZING THE FREQUENCY SCALE CALCULATIONoC e_

COMMCN ITESTeICHANIJ|CHAN2oIDUM(25)eHCOUNTjKOCTwFU_FLo_FjTEMPle

i ITEHP2jIDAT_(lO24)mJOATAllO24},_(&l_bXTX(lOOO)wEXTY{100n)RAK(5001)_
2_K(lOO1),CK(lO241eXeK.LeJeXHFAN,YMEAN;S|GNAXeS[GHAYeNN

EQUIVALENCE (ZSC*LEeEXTX(1))
COMMCN/DATA/[HT(_)oMjNOCToNHECeSoSSoPSD(IOO1)eOSD(IOO1)eFRO{IO01)e

i 1FI.F2.NDECSIIPRI_TRISCALEENTRY SETUP
TEHP4tALOGIO(F1)
TEHP2sALOGIO(F2)

I KleIFIX(TE_P4)*IL=IFIX(TEMP2)
FL • FLOAT(K1)-T;MP4
FUmTENP2oFLOAT(L}

I XSCALEu6,0/IFLOATIL.K1).FU.FL)TEMp48TEMp4*X$CALE
XltKlml

I CE=IOjO**K1YSCALEm6oD/FLOATtNDECS)
CALL PLOT(-ll,SeO.Oo-3)
CALL PLOT(2,0eOtfle-3)

I _ETURNENTRY ONECYC
FU_O.O
_COUkT = NCOUNT*q

CAL_ SYNBL4(OoOeeOo9mO.14elTESTtOoOw41CALL SYNBL4(lo25.eOo9"Ot14eICHAN1aOoO_4)
CALL SYNBL4(2oOO.mOIgaOtt4o;CHAN2eOoOe4)
_0 470 I_NCOUNTeIO01

I _K_[) • SORTtPSO(|)*PSD(I)*Q$_tI)eOSD(I))IF (PSD(I))480.4gOe500
4¢0 [F(OSD(l))520eS30e940

I 9_0 _SD(t)u_1,5707963GOTO 470
940 ¢SD(1).1o5707963

GO-TC 470

5_0 CSD(_)_O_OGO TC 470
_00 TEHPle9,O

GOTC 510
4_0 IFtQSD_[))550o560_960

_ 5_0 TENPloe3e14159265_9
GOTC 510

5_0 TEMP183o1415926535
5t0 CSOiI)eATAN(OSD(_)IPSD(I))*TENP1
4?0 CSO(I)_OSD(i)e§7.2957795

CO 30 I_NCOUNT_IO01
" IF(AN ([)eFU)30_3Oe40

--' 40 FUBAK (I)
' 30 CONTINUE

_,lrlX(ALOGIO(rU))
• IF(F_slo)SO_60_60

§0 2SCALE_FL OAT(NDEP,S-K)
r 149

1970003212-166



i K=K.1GO TC 70
60 ZSCALE:_LOAT(NDECS-K-I)
70 CALL PLOT{O,OeO_Pe3)

FUII.OCO 80 f=I._UECS
.=Ko&DECS*I
FL=FLOAT(I-1)*YS_ALE

CALL SYHBL4('O,6_aFL;O,OT_O,14D2HlOeO,O,21CALL NUMRER(°O,45eFLsO,l_JaO,Om2_I3)
GO TC (90.80)ISCJLE

90 CALL ?lOT(_tOe_L._)
l LsO

100 _F=IO,O**_Iol)
L=L*I

"- FU=FL*DF
FLcY$CALE*ALOGIO(FU)
CALL PLOT(O,OjFL.2)
1F(Lo9)120_llOjl_O

110 CALL PLOT(NI25eFle2)
CALL PLOT(O,OmFL.2)
GO TC 80

_ 120 CALL PLOT(O_lSmFle2)
' CALL PLOT(O_OeFL.2)

GO TC 100
80 CONT|NUE

! CALL SYHBL4(-O,65eS,925.0,14n2NlOeO,Ge2)
CALL NU_BER(eO,45e6,0_O,1.JjO.OR2HI3}
GO TC (140_130)|RCALE

1_0 CALL PLOT(OoOjS.T.3)CALL PLOT(O.Oe6.0o2)
CALL PLOT(O_3e6fne2)
GO TC 150

140 CALL PLOT(5_7_6.0o3)CALL PLOT(61Oj6oOe2)
CALL PLOT(61OwSl7e2)

1_0 GO TC (170_160)ISCALE

I 1_0 _ALL PLOT(61OeO.3_3)CALL PLOT(bIO_OIO_2)
CALL PLOT(SI7JOIOo2)

I CALL PLOT(O_3_O_O_3)CALL PLOT(O_OaO_Oe_)
CALL PLOT(OeO_O.3e2)
_0 TC 160

I 170 CALL NUHBER(-O.lo_O_4.0.14_Fl.O_O_4HF2.0)CALL PLOT(OBOeO_O.3)
FLsF1
_FeDe

I L_K11;0 FL,FL*Dr
FUoALOBIO(FL)
TENPlsXSCALE*FU.TENP4

IFlTENP1-6,01200,210_250200 CALL PLOTITENPI_O.O_2)

IFtK.L)230_230_220

220 LBK
CFmlOoO**L
CALL PLOT(TENPleno25e3)

Ii GoCALLTcPLOTITEN'I'O'O'2'190
]50

!
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230 CALL PLOT(TEHPI,n.tS,3)CALL PLOT{TEHPI,0tO,2)
GO TC _90

j 210 CALL PLOT(6tOnO,na2)CALL PLOT(6,0aOI3e2)
CALL NL'HRER(5t7w=OI4=Ot14eFZ,O.Oe4HFf .0)

teO CO 240 I=NCOUNTwIO01

I IF(F_O(I)-gZ)240.250,250240 CONTINUE
2_0 TEHPI=XSCALE*ALUGIO(_RO(I))-TEMP4

TEHP2=YSCALE*(_L_GIOtAK (1))*Z_CALF)

i tF(TEMP2)260,270.2702CO TEHP_=O,O
270 CALL PLOT(TEMPleTEMP2e3)

I CO 280 J=I.1001I_ (_RQ(J)-F2)285,285.280
2_5 TEMPI=XSCALE*tLO_IO(FRO(J))oTENP4

XEHP_aYSCALE*(&LOGIO(AK (J))*ZSCALE)

m IFlTEMP21290,300o3002gO TEMP2=OtO
300 CALL PLOT(TEHPleTEMP2,2)
280 CONTINUE

I CALL PLOT(O=Oo6_?Se=3)CALL PLOT(6,0_O=_e2)
CALL PLOT(6=OaOi3w2)
C_LL PLOT(OtOoO,Oe3)

J CALL PLOTIO,Oelt_Se2)CALL PLOT(Otlol_So2)
CALL PLOT(OmO5oO.625m3)

I CALL PLOT(OtOoO._25e21GO TC(441o442)IS_ALE
_4t CALL NUMBE_(-O,5_el,18RO,14elBOoO.O=2HI3)

CALL NUMBER(-O.55.0.59.O,14_ 90eO.Oe?NI3)

I CALL NU_BER('O,5_,'O.O?_0,14. O.O.Oe2H13)442 ZSCALEm1,251180,n
TE_P2=ZSCALE*ABStOSD(])}
TEHP1 = XSCALEeAIOGtO(FRO(_))_TEMP4

I CALL PLOT (TEMP1.TEHP2_3)CO 390 J=l,lO01
IF (FRO(J)=F2)39".395.390

395 TEMP2iZSCALE*ASStOSD(J))

I TENPlsXSCALE*ALO_IO(rRO(J)ltTEMP4CtLL PLOT(TEMPI,tEMP2_2)
390 CONTINUE

i CALL PLOT(O,O_I=5_-3)CALL PLOT(O,O.O,4,2)
_0 TC(392,391)lSCALE

3_2 CALL $YMBL4(eO,2_eOz4,O,2.1H'.O.O._)

I CALL SYMBL4('O,2S_O.O.O,2.1H*,O,O_)3¢t TEMPlmO,O
?EHP2=0.4
FL I TEMPt

t IF (¢SD(1))304.3O3,393394 FL • TEMP2
353 CALL PLOT(XSCALE*ALOGtO(FRO(_)|=TEMP4.FL,3)

CO 400 J._.1001

IF '_RO(J)-F2)4OS_4O_.40040_ FLeXSCALE*ALOOIOtFRQ(J))'T_NP4

410 CALL PLOTIFL,TEHP2,2)
151

" I
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60 IC 40O
4_0 CALL PLOT(rL,TEHalj2)
4O0 CONTINUE

CALL PLOT(OfO,31Oeo3)

t IF(IFRINT)430e32fle430430 kRrTE(61_920)|TERTmlCHANlelC_AN2
9_0 fORMaT (1H1_ 2eX 8HTEST NO,e 2X A4m ?X 9HCHOSS PSDo 2X 8HCHANNELS

le 2X A4R 2X 3HANBj 2X A4 m // 8X 3(4NFREOa 6X 6HPoS._.j9 X

t 2 5HPkASEo 8X))
kRIT_(A1,930)(FR_(1)_AK (])80SD(|)wIzNCOUNTelO0_|

9ZO FORHJT (2X 3(FlO,2aE15=_,FlO_le3X))

I 3_0 _ETURNEND

3200 FORTRAN 9tAGhOST|C RESULTS - FOR PLTCPSDA

I
_0 ERRORS

I
I
!
I
I
I
I
!
!
!i,
F _

! 152
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